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Share  your  blood  with  a  wounded  soldier  .  .  .  donate  a  pint  to  the  Red  Cross  today. 


r.S.  Navy  Offli  ial  riuHc. 


Tubes  for  INDUSTRIAL  electronic  devices  that  help  to  increase  production 
are  regarded  as  no  less  important  than  the  use  of  such  tubes  in  some  military 
communications  needs.  Consequently,  they  are  available  to  manufacturers  of 
essential  INDUSTRIAL  electronic  equipment. 

AMPEREX  power  and  rectifier  tubes  are  incorporated  in  many  of  these  new 
machines  that  make  the  tools . . .  and  forge  the  weapons ...  to  defeat  the  Axis. 

If  you  have  a  problem  in  which  electronic  tubes  are  required  for  machines 
that  will  help  to  speed  war  production,  consult  our  engineering  department. 


AMPEREX  ELECTRONIC  PRODUCTS 

79  WASHINGTON  STREET  •  BROOKLYN.  NEW  YORK 
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I  Photo  thow*  WJZ'i  640-foot  guyod  towor  that  is  to  bo  moved  with  the  transmitter 

phototube  control  of  packaging  MACfflNES.  by  W.  D.  CockreU 


Electronic  methods  of  insuring  proper  register  of  paper  cut-off  when  unit-design  printed  webs  are  used 

moving  a  50-kw  TRANSMITTER  WITHOUT  LOSS  OF  AIR  TIME . 


How  engineering  teamwork  will  move  WJZ,  radio  old-timer,  to  make  room  for  four  OWI  stations 

an  A-C  vacuum  tube  VOLTMETER,  by  lames  N.  Thurston . 


Ineipeniive  voltmeter  operated  directly  from  a-c  line.  Provides  accurate  calibration  without  use  of 
voltage  regulator  or  rectifier-filter  power  supply 

quartz  crystals  in  PRODUCTION 


Latest  production  techniques  for  quartz  crystal  units  used  in  radio  communication 

^EECH  SCRAMBUNG  METHODS,  by  Willidm  W.  Roberts .  .  . 

Frequency  inverter  circuit  and  band-splitting  methods  for  securing  radiophone  privacy 

WORK  COILS  FOR  HIGH-FREQUENCY  HEATING . . . 

Practical  suggestions  for  winding  coils,  with  examples  of  coils  for  various  jobs 

u.  s.  SHORT-WAVE  BROADCAST  CONTROL  CENTER .  . 

Description  of  new  OWI  control  center  in  New  York  City,  believed  to  be  world's  largest 

Mit'^OWAVE  PLUMBING— PART  II.  by  D.  D.  King . 

Discuuion  of  u-h-f  antennas  and  oscillators  concludes  two-part  article 

A  NEW  CURRICULUM  IN  ELECTRICAL  ENGINEERING,  by  T.  S.  Gray  &  R.  H.  Frazier 

New  course  for  industrial  electronic  engineers  emphasizes  principles  of  control  and  measurement 
through  use  of  electron  tubes 

PROBLEMS  INVOLVING  SENSITIVE  RELAYS,  by  R.  T.  Fisher. . . 

A  method  of  determining  and  presenting  performance  data  without  resort  to  experimentation 

TLECTROWIC  CONTROL  OF  DC  MOTORS— PART  V,  by  E.  E.  Moyer . . . 

Regeneration  by  inverter  action  and  methods  of  stopping  motors  conclude  this  series  on  industrial 
electronic  control 

GkYSTAL  holder  design,  by  L.  A.  Elbl . 

Eight  varieties  of  mountings  for  piezoelectric  quartz  plates  are  described 

CHARACTERISTICS  OF  RESONANT  TRANSMISSION  LINES,  by  J.  B.  Epperson . 

Graphical  chart  portraying  characteristics  of  transmission  lines 
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The  bulk  of  UTC  production  today  is  on  special  units  designed  to  specific  cus¬ 
tomers'  reqxiirements.  Over  5.000  new  war  designs  were  developed  this  past  year. 
These  designs  ran  from  open  type  imits  to  hermetically  sealed  items  capable  of 
many  cycles  of  high  and  low  temperature  and  extreme  submersion  tests.  They 
included  units  from  V3  ounce  in  weight  to  10,000  lbs.  in  weight  and  from  infini¬ 
tesimal  voltages  to  250,000  volts.  It  is  impossible  to  describe  all  these  thousands  of 
special  designs  os  they  become  available.  Our  staff  of  application  engineers  will 
be  more  than  pleased  to  discuss  your  problem  os  related  to  special  components. 
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-JF  Government  officials  whose  par-  1 
ticular  business  it  is  to  chart  the  im-  < 
mediate  and  long-distance  trend  of  j 
production  in  the  electronics  indus-  i 
try  are  now  frankly  assuming  i 
greater  and  greater  output.  The  i 
plateau  on  which  it  was  feared  the 
industry  might  hang  on  a  dead  cen-  | 
ter  has  turned  out  to  be  a  mirage. 

No  plateau  is  in  sight.  To  the  con¬ 
trary,  Ray  C.  Ellis,  Director  of  the  ' 
Radio  and  (Censored)  Division  of 
WPB,  pointedly  declares  that  sched¬ 
ules  must  be  stepped  up  between  now 
and  the  end  of  December  to  put  the 
industry  on  a  four  billion  dollar  an-  < 
nual  production  basis,  with  a  30  to 
40  percent  increase  in  1944  in  the 
military  requirements  that  the  in¬ 
dustry  must  meet. 

The  actual  output  of  military  elec¬ 
tronic  equipment  for  July  1943  was 
$234,000,000.  In  order  to  reach  the 
four  billion  dollar  annual  figure,  the 
monthly  dollar  volunrve  of  production 
must  jump  to  approximately  $333,- 
000,000  per  month  or  nearly  $100,- 
000,000  per  month  increase  over  the 
July  total.  Much  of  the  increase  will 
be  for  large,  expensive  equipment  as 
well  as  replacement  parts. 

With  this  outlook,  there  is  appar¬ 
ently  increased  determination  on  the 
part  of  Goveriiip^t  not  to  permit 
the  production  problems  of  the  in¬ 
dustry  to  interfere  with  the  full 
realization  of  the  projected  program. 
•Mr.  Ellis  expresses  it  this  w’ay :  “Out¬ 
put  must  be  maintained  and  in¬ 
creased  despite  difficulties  in  the  field 
of  critical  components,  experienced 
labor  and  other  problems  facing  us.” 

Several  steps -in  the  direction  of 
easing  the  path  of  the  manufacturer 
have  been  taken  in  addition  to  the 
very  prominent  placement  accorded 
to  the  industry  in  the  new’  “Critical 
List”  of  the  War  Manpower  Commis¬ 
sion.  Major  General  William  H. 
Harrison,  new’  chief  of  the  Signal 
Corps  Procurement  and  Distribu¬ 
tion  Service,  has  held  conferences 
"ith  prime  contractors  in  the  sec¬ 
tions  w’here  the  manufacturers’ 
plants  are  located,  resulting  in  bet- 
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ter  understanding  and  increased  co¬ 
operation  between  the  Signal  Corps 
and  the  manufacturers.  In  fact, 
much  credit  for  the  recent  rise  in 
production  of  military  communica¬ 
tions  equipment  is  given  to  General 
Harrison,  who  took  over  his  present 
post  July  1,  1943. 

Another  step  is  the  selection  of  the 
vacuum  tube  industry  by  WPP>’s 
Office  of  Labor  Production  for  a  test 
survey  of  manpow’er  problems.  What¬ 
ever  procedure  is  arrived  at  in  this 
industry  probably  w’ill  be  extended 
to  the  rest  of  the  electronics  field.  A 
certified  .schedule  from  each  plant  of 
the  work  being  done,  the  expected 
expansion,  statistics  on  labor  turn¬ 
over,  absenteeism  and  the  number  of 
hours  that  the  employees  are  on  the 
job  will  be  requested. 

CMP  Complaints— The  W  P  B 
order  amending  the  CMP  Class  “P,” 
products  list  to  place  the  manufac¬ 
ture  of  special  military  communica¬ 
tions  equipment  in  the  Class  “A” 
designation  beginning  January  1, 
1944  is  being  review’ed  by  WPB 
w’ith  the  intention  of  making 
changes  if  it  seems  advisable.  One 
of  the  complaints  of  the  industry 
was  that  the  new’  Class  “A”  listing 
w’ould  necessitate  a  more  compli¬ 
cated  clerical  setup  and  additional 
help  at  a  time  w’hen  this  is  almost 
an  impossibility. 

Instrument  Ratings — Members  of 
the  Industrial  Instrument  Industry 
Advisory  Committee,  meeting  with 
WPB  Radio  officials  recently,  de¬ 
clared  that  reduction  in  priority 
ratings  for  key  components  would 
be  detrimental  to  the  industrial  in¬ 
strument  industry.  The  contention 
w’as  advanced  by  members  of  the 
committee  that  while  the  industry 
uses  a  small  percentage  of  the  over¬ 
all  production  of  key  components, 
industrial  instruments  are  vital  to 
the  functioning  of  war  plants  and 
therefore  should  have  higher  ra¬ 
tings.  Stres.sed  also  was  the  wide 
variety  of  products  covered  in  its 
scope,  including  thermostats,  con¬ 
trol  valves  and  gauge  glasses. 


Radio  Resistors — Prospective  ex¬ 
pansion  of  radio  resistor  facilities 
will  provide  sufficient  capacity  to 
meet  requirements  of  the  armed 
services  during  the  remainder  of 
1943  and  the  first  half  of  1944,  ac¬ 
cording  to  WPB.  The  Radio  Divi¬ 
sion  continues  to  recommend  that 
manufacturers  accept  orders  only  to 
the  extent  of  their  ability  to  pro¬ 
duce.  Under  priorities  Regulation 
1,  manufacturers  may  refuse  orders 
which  they  cannot  deliver  because 
of  commitments  on  equal  or  higher 
rated  orders.  If  this  practice  is  fol¬ 
lowed,  purchasers  will  be  forced  to 
sources  which  are  in  a  position  to 
make  the  delivery. 

FCC  Relaxes  Rules  —  Acting 
on  the  report  of  FCC’s  Committee 
on  Critical  Radio  Materials,  the 
Commission  has  relaxed  the  April 
27,  1942  “freeze  order”  covering 
new  broadcast  construction  or  im¬ 
proved  facilities  to  allow  licensing 
of  new’  local  stations  of  100-250 
watts  power,  where  prescribed  con¬ 
ditions  can  be  met.  The  report  of 
the  committee,  comprised  of  Com¬ 
missioners  T.  A.  M.  Craven  and  C.  J. 
Durr,  was  the  result  of  a  year’s 
study  to  determine  whether  addi¬ 
tional  stations  could  be  licensed  or 
pow’ers  increased  without  hindering 
the  war  effort.  The  committee 
found  that  there  are  84  applications 
filed  now’  with  FCC  for  new  stations 
involving  power  of  250  watts  or  less 
and  13  applications  for  increase  in 
pow’er  from  100  to  250  watts.  No 
encouragement  is  given  to  appli¬ 
cants  seeking  increased  power  or 
other  improved  facilities  outside 
the  local  bracket  because  of  produc¬ 
tion  bottlenecks  in  the  higher-wat¬ 
tage  equipment  and  tubes.  Further¬ 
more,  tube  replacements  for  FM 
transmitters  are  unusually  tight  be¬ 
cause  of  heavy  military  require¬ 
ments  for  copper  anode  tubes. 

Based  also  on  findings  of  the 
Craven-Durr  committee,  the  Com¬ 
mission  has  announced  that  under 
certain  conditions  it  w’ould  authoi’- 
ize  “judicious”  use  of  idle  equip¬ 
ment  to  increase  the  power  of  relay 
broadcast  stations — when  existing 
pow’er  is  insufficient,  to  improve  the 
service  and  even  to  construct  new 
relay  broadcast  stations  for  defin¬ 
ite  purposes.  Applicants  must  show’ 
that  all  required  materials  may  be 
obtained  without  priority  assistance 
for  either  construction  or  mainte- 
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Scrrice  from  stock. 


A  copy  of  the  Mallory  rat<- 
alog  for  ready  reference. 


Fast  Service  On 
Vital  Maintenance  Parts 


Supplying  essential  maintenance  electronic  parts  in  a 
hurry  is  just  one  of  the  contributions  the  Mallory 
distributor  makes  to  war  effort.  He  can  be  of  real 
service  in  supplying  application  suggestions  and  ini¬ 
tial  parts  for  pre-production  models  for  war  devices 
. . .  in  helping  construct  special  test  apparatus  ...  in 
developing  supply  sources ...  in  furnishing  data  and 
prices.  He  will  provide  you  with  a  copy  of  the  Mallory 
catalog,  indispensable  for  users  of  electronic  parts! 


Application  data  fur  your 
engineering  and  design 
departments. 


War  production  machinery  is  speeded  and  controlled 
by  thousands  of  electronic  parts;  all  requiring  main¬ 
tenance  and  repair.  Lack  of  a  needed  repair  part  can 
jam  production  schedules  of  vital  materials.  Quick 
service  is  essential. 


Here  is  where  the  Mallory  distributor  gives  really 
important  help.  Like  as  not,  he  can  supply  from  stock 
that  desperately  needed  small  order  of  electronic 
parts  with  a  high  rating.  Certainly  he  can  expedite 
speedy  delivery. 


Call  in  the  Mallory  distributor  —  we  are  doing  our 
best  to  keep  his  Mallory  parts  stock  adequate  for 
speedy  service  on  small  orders  .  .  .  with  high  ratings. 


P.  R.  MALLORY  &  CO.,  Inc. 


INDIANAPOLIS,  INDIANA  •  Cob/e  >y(ff«»-PQMAUO 
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ELECTRONICS. ...KEITH  HENNEY  Editor. ..  .OCTOBER.  1943 


CROSS 

TALK 

►  BD  .  .  .  On  October  1,  Electronics  takes  another 
big  step  forward.  On  that  date,  Mr.  Dudley,  for  7 
years  a  member  of  its  editorial  staff  and  for  the  past 
21  years  its  managing  editor,  takes  up  residence  in 
Chicago  as  Electronics’  Western  Editor.  The  terri¬ 
tory  in  which  Mr.  Dudley  will  represent  his  paper  edi- 
otrially  is  a  vast  proving  ground  for  electronic  prin¬ 
ciples,  and  it  rates  a  full-time  editor  of  his  publishing 
experience  and  professional  standing.  Mr.  Dudley  will 
be  located  at  the  McGraw-Hill  office  at  620  North 
Michigan  Boulevard,  telephone  Whitehall  7900;  and 
he  will  be  available  for  consultation  about  prospective 
editorial  manuscripts,  about  technical  problems  in 
the  fields  of  electronic  control  and  communication  or 
on  any  other  matter  in  which  an  engineer-editor  can 
be  helpful. 

►  FM  vs  AM  ...  A  point  that  continually  crops  up 
in  arguments  pro  and  con  on  this  hot  subject  is  that  of 
the  respective  service  ranges  of  FM  on  a  line-of-sight 
basis  and  AM  on  a  God-knows-what  basis.  It  is  argued 
that  since  FM  is  on  the  high  frequencies,  it  is  good 
only  to  the  horizon  and  this  horizon  is  not  very  far 
away  from  the  transmitting  antenna. 

The  useful  range  of  a  broadcast  station  on  any  fre¬ 
quency  is  the  distance  over  which  it  can  be  heard 
clearly.  This  is  the  only  range  that  can  be  sold  an 
advertiser.  On  the  standard  broadcast  band  this  is  the 
day-time  distance  over  which  the  station  can  be  heard 
above  ambient  noise.  This  distance  is  not  very  great. 
At  night,  however,  the  same  station  can  be  heard,  and 
can  create  interference,  over  much  greater  distances. 
This  is  not  good  service  although  plenty  of  people  in 
the  country  have  to  listen  to  it.  It  is  a  fact  that  the 
night-time  service  of  many  local  stations  is  worse 
than  the  day-time  listening  because  of  interference 
created  by  stations  at  much  greater  distance. 

FM,  on  the  other  hand,  can  be  heard  no  further  at 
night  than  in  day  and,  as  yet,  there  is  no  interference 
whatever.  The  difference  in  range  between  a  medium- 
power  FM  job  on  45  Me  and  a  high-power  AM  job  on 
1000  kc  is  not  very  great.  A  high-power  FM  transmit¬ 
ter  near  Boston  is  regularly  and  clearly  heard  in  Long 


Island  day  or  night  when  nothing  whatever  can  be 
heard  from  standard  AM  broadcast  stations  in  the 
same  region. 

By  the  way — FM  listeners  in  New  York  City  are 
getting  a  tremendous  kick  out  of  the  NBC  Symphony 
at  5  o’clock  on  Sundays.  Here  is  broadcasting  at  its 
best.  The  joy  of  hearing  these  programs  via  NBC’s 
FM  transmitter  is  matched  in  intensity  only  by  the 
disappointment  that  CBS  still  has  not  seen  fit  to  put 
the  New  York  Philharmonic-Symphony  orchestra  on 
its  New  York  FM  station. 

►  RESEARCH  ...  On  the  subject  of  research,  we 
quote  from  an  item  on  this  page  in  November  1935. 
According  to  Dr.  C.  E.  K.  Mees  of  Eastman  Kodak, 
research  is  a  gamble.  It  cannot  be  conducted  accord¬ 
ing  to  the  rules  of  efficiency  engineering.  He  states 
that  “research  must  be  lavish  of  ideas,  money  and 
time.  The  best  advice  that  I  can  give  is  don’t  quit 
easily,  don’t  trust  anybody’s  judgment  but  your  own; 
especially  don’t  take  any  advice  from  any  commercial 
person  or  financial  expert,  and,  finally,  if  you  really 
don’t  know  what  to  do,  match  for  it.’’  Furthermore 
Dr.  Mees  said,  “The  best  person  to  decide  what  re¬ 
search  work  shall  be  done  is  the  man  who  is  doing 
the  research.  The  next  best  is  the  head  of  the  de¬ 
partment. 

“After  that  you  leave  the  field  of  best  persons  and 
meet  increasingly  worse  groups.  The  first  of  these  is 
the  research  director,  who  is  probably  wrong  more 
than  half  the  time.  Then  comes  a  committee,  which 
is  wrong  most  of  the  time.  Finally  there  is  the  com¬ 
mittee  of  company  vice  presidents,  which  is  wrong 
all  the  time.’’ 

►  BAZOOKA  .  .  .  Job  for  the  War  Department:  the 
new  rocket  gun  which  punctures  tanks  like  nobody’s 
business  is  familiarly  called  the  bazooka.  So  is  a 
gadget  which  matches  a  coaxial  line  to  a  doublet  an¬ 
tenna.  Imagine  the  opportunity  for  disaster  on  the 
field  of  battle  when  somebody  puts  in  a  hurry  call  for 
a  tank  buster  and  gets  a  coaxial  line  matcher! 


Phototube  Control  of 

Packaging  Machines 


Unit  designs  have  largely  supplanted  over-all  designs  formerly  used  as  labels  on  wrapper?!, 
bags  and  other  merchandise  containers.  Electronic  controls  insure  proper  register  of  euts 
between  successive  designs  when  continuous  printed  webs  are  used 


Package  Machinery  Company  unit  used  by  American  Chicle  for  the  automatic  handling  of  Den- 
tyne  chewing-gum.  Strips  of  the  product  are  cut  into  individual  sticks  at  the  left,  wrapped  in 
printed  paper  at  the  center,  wrapped  in  foil  and  printed  paper  in  groups  of  six  at  the  right 


There  has  been  a  noticeable 
trend,  in  packaging  and  bag¬ 
making,  toward  more  extensive  use 
of  a  printed  “unit”  design  on  the 
wrapper  or  bag.  Unit  design  tends  to 
supplant  the  so-called  “over-all”  de¬ 
sign  commonly  used  in  the  past. 

When  a  unit  design  is  used,  it  is 
much  less  expensive  to  print  on  a 
continuous  web  of  paper  than  on  in¬ 
dividual  pre-cut  sheets.  Also,  the 
handling  difficulties  associated  with 
certain  stocks,  such  as  cellophane, 
make  web  printing  almost  essential. 

When  a  printed  web  is  run  into  a 
processing  machine,  such  as  a  bag- 
tuber  or  a  packaging  device,  the 


printed  design  must  be  kept  in  regis¬ 
ter  with  the  cutter.  The  slightest 
error  in  the  relation  between  the 
feed-roll  travel  per  machine  resolu¬ 
tion  and  the  spacing  of  the  printing 
cn  the  web  will  result  in  cutting 
through  the  printed  design.  Even 
though  the  error  is  only  0.1  percent 
initially,  after  a  few  hundred  sheets 
have  been  run  cuts  will  often  occur  in 
the  middle  of  the  printed  sheet 
rather  than  at  the  end. 

A  packaging  or  bag-tubing  ma¬ 
chine  equipped  for  handling  a  printed 
web  mu.st  incorporate  some  provi¬ 
sion  for  varying  the  timing  of  the 
draw  roll  ( the  roll  that  draw.s  the 


paper  into  the  machine)  and  the  rolls 
that  cut  off  the  web.  There  must  also 
be  some  means  for  insuring  that  the 
register  of  the  printed  matter  is  syn¬ 
chronized  with  the  operation  of  the 
cutting  knife.  This  can  be  done  effi¬ 
ciently  by  using  a  phototube  to  scan 
the  printing  and  to  compare  its  rela¬ 
tive  position  with  that  of  the  cutter. 

Register  Mark  Problems 

Since  the  whole  system  depends  on 
the  phototube  response  to  light  im¬ 
pinging  upon  the  printing  on  the 
web,  the  selection  and  spacing  of 
printed  register  marks  and  the 
method  by  which  the  phototube  views 
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FIG.  1 — Response  characteristics  of  two  typical  phototubes,  (a) 
showing  sensitiTity  to  diiierent  colors  and  (b)  showing  relatiTe 
rssponse  to  these  colors  when  they  are  illuminated  by  an  in¬ 
candescent  lamp 


these  marks  are  all  very  important. 

To  obtain  the  required  amount  of 
light-change  at  the  phototube,  we 
are  concerned  with  the  total  amount 
of  light  striking  the  phototube  and 
also  with  the  percent  change  of  that 
light.  Obviously,  a  large  percentage 
change  is  desirable  since  it  minimizes 
the  effects  of  small  changes  in  light 
.source  intensity  due  to  lamp  aging, 
dirty  lenses,  or  to  a  change  in  color 
or  transparency  of  the  material  be¬ 
ing  registered.  Figure  la  shows  the 
absolute  sensitivity  of  two  common 
types  of  phototubes  to  lights  of  dif¬ 
ferent  colors,  while  Figure  lb  shows 
the  relative  response  to  the  colors 


Unit  merchandise 
designs,  printed  in 
web  form,  showing 
register  marks  at 
margins.  Reflected 
light  is  used  for 
control 


Unit  designs  on  cel¬ 
lophane.  Transmit¬ 
ted  light  is  used  for 
control,  the  register 
marks  appearing 
between  individual 
labels 
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when  illuminated  by  an  incandescent 
lamp,  the  light  generally  employed 
for  this  work. 

The  total  amount  of  light  striking 
the  phototube  depends  on  the  intens¬ 
ity  of  the  light  beam,  transparency  or 
reflection  of  the  packaging  material, 
the  inks  used,  and  the  size  of  aper¬ 
ture  before  the  phototube.  To  obtain 
the  greatest  accuracy,  the  aperture 
before  the  phototube  must  be  narrow 
in  the  direction  of  web  motion.  Thus, 
the  large  effective  light  change  be¬ 
tween  a  highly  polished  metallic  foil 
surface  and  a  dark  ink,  or  between  a 
directly  transmitted  beam  (.such  as 
used  with  cellophane  or  with  a  slit 
cut  in  the  paper)  will  result  in 
greater  accuracy  than  w’ould  be  ex¬ 
pected  with  the  same  equipment  op¬ 
erating  on  the  contrast  between  a 
dark  line  and  browm  kraft  paper. 


Light  Reflection  Technique 

To  register  from  a  printed  line  on 
opaque  paper,  it  is  necessary  to  op¬ 
erate  by  light  reflected  to  the  photo¬ 
tube  from  the  surface  of  the  paper. 
For  this  purpose,  w’e  may  use  a  scan¬ 
ning  head  and  light  source  such  as 
that  shown  in  Fig.  2,  or  a  more  elab¬ 
orate  head  which  includes  an  ampli¬ 
fier  tube.  Typical  scanning  head  op¬ 
tical  systems  are  shown  in  Fig.  3. 

When  registering  on  cellophane, 
either  reflected  or  transmitted  light 
may  be  used,  depending  on  which 
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FIG.  2 — ^Typical  icanniiig-head.  used  whare  light  tio:u. 
^  mitted  from  the  source  is  reflected  from  register  marks  into 
the  phototube 
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FIG.  5 — Schematic  of  typical  intermittent-fed  packaging 
machine.  Transmitted  light  rather  than  reflected  light  it 
used  in  this  instance  for  control 


will  produce  the  greater  light  ent,  it  minimizes  the  percent  change 
change.  It  is  difficult  to  lay  down  of  light  due  to  color  contrast.  Hence, 
hard  and  fast  rules  as  to  when  each  there  may  be  conditions  where  a 
should  be  used.  Light  reflected  from  white  mark  printed  as  a  matte  pig. 
the  surface  of  a  material  is  of  two  ment  surface  may  reflect  less  light  to 
kinds,  “specular”  (or  mirror)  reflec-  the  phototube  than  the  spectral  re- 
tion  and  “diffuse”  reflection  from  a  flection  from  a  highly  polished  black 
somewhat  rough  surface,  wherein  background.  Such  a  problem  is 
the  light  is  scattered  equally  in  all  solved  by  moving  the  light  source  or 
directions,  as  shown  in  Fig.  4.  phototube  so  that  the  specular  ray 
Specular  reflection  from  a  mirror  misses  the  phototube  and  only  the 
or  prism  can  redirect  most  of  the  diffuse  white  light  is  received, 
light  beam  into  the  phototube, 

whereas  diffuse  reflection,  such  as  Tr...-1..!..  D<rt. 

from  a  sheet  of  white  paper,  may  When  working  with  cellophane  and 
permit  only  a  small  percent  of  the  using  light  transmitted  through 
light  to  reach  the  phototube.  When  rather  than  reflected  from  the  mate- 
specular  reflection  is  used,  the  photo-  rial,  much  depends  on  the  type  of  ink 
tube  must  be  located  quite  accurately,  used  for  the  printed  register  marks, 
otherwise  the  sharply  directional  re-  A  pigment  ink  will  simply  block  off 
fleeted  beam  may  miss  it  completely,  the  light  so  that  for  a  given  thickness 
A  diffused  reflected  beam  will  be  ef-  of  ink  the  change  in  response  is 
fective  over  a  much  wider  area.  Shiny  fairly  independent  of  color.  How- 
surfaces  such  as  polished  foil  and  ever,  when  a  dye  is  used,  the  lack  of 
waxed  or  lacquered  paper  have  a  an  opaque  ingredient  will  generally 
high  degree  of  specular  reflection,  permit  more  light  to  pass  and  re- 
Since  most  of  the  light  is  reflected  quire  a  more  serious  consideration 
from  the  surface  of  the  lacquer  and  of  the  color  used, 
does  not  penetrate  to  the  paper  sur-  A  practical  register  mark  is 
face,  it  is  sometimes  not  practical  usually  made  about  twice  as  wide  as 
to  register  by  specular  reflection  the  accuracy  desired.  For  instance, 
from  a  printed  line  which  is  covered  for  an  accuracy  of  plus  or  minus  1  ^64 
by  a  coat  of  lacquer  or  wax.  The  inch,  or  a  total  tolerance  of  A  inch, 
.smaller  the  angle  between  beam  a  mark  *-inch  wide  is  suggested, 
and  paper  (the  more  nearly  parallel  The  edges  of  the  mark  must  be  well 
the  beam  is  to  the  paper  surface),  printed  and  sharply  defined.  The 
the  greater  is  the  amount  of  specular  length  of  the  mark  perpendicular 
reflection.  to  the  motion  depends  largely  upon 

Color  differences  are  invariably  the  amount  of  side  motion  expected 
seen  by  diffuse  reflection.  If  there  is  in  the  web.  Normally,  the  phototube 
considerable  specular  reflection  pres-  or  scanning  head  views  a  section 

about  i-inch  wide,  so  the  total  width 
of  the  mark  must  be  sufficient  to  pre¬ 
vent  the  mark  from  shifting  from  the 
scanned  point.  For  most  applica¬ 
tions,  a  mark  i  inch  long  is  suitable. 
The  position  of  register  marks 


’’aX.LICTlIIC  LENS 


FIG.  3 — Elemental  lens  systems  ior  scan¬ 
ning  a  paper  surface  (a)  where  a  sharply 
defined  spot  is  desired  cmd  (b)  where 
viewing  of  a  definite  area  is  desired 


PHOTOTUBE  UGHT  SOURCE 


SPECULAR  REFLECTION 
FROM  GLOSSY  SURFACE 


PHOTOTUBE 


LI^T  SOURCE 


FIG.  4 — Arrangement  of  light  source  and 
phototube  for  specular  reflection  and  for 
diffuse  reflection,  the  method  chosen  being 
dependent  upon  the  character  of  paper 
and  register  marks  as  explained  in  text 


DIFFUSE  REFLECTION 
FROM  ROUGH  OR  MAT 
SURFACE 
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lUst  be  continuously  compared  with  of  the  shock  on  the  gearing  at  the 
h,e  pac’-vaging  or  wrapping  machine  time  the  cut  is  made. 

5.(je  The  method  of  comparison 

’ed  varies  with  each  type  of  ma-  Stoaiard  Pli.l.«.b.  Relay. 

[line  and  drive.  It  may  employ  a  For  slow-operating  machines,  par- 
imple  shutter  which  permits  the  ticularly  those  having  an  intermit- 


Ltotube  to  look  at  the  marks  only  tently-fed  sheet,  and  where  the  de-  end  of  travel.  In  addition  to  the  time 
t  definite  times.  Quite  often  cam-  mands  of  accuracy  are  not  too  great,  required  for  the  operation  of  the 
[riven  contacts  are  in  use  in  place  of  the  use  of  standard  or  general  pur-  phototube  relay,  sufficient  time  must 
[  shutter  to  “arm”  the  phototube  pose  phototube  relays,  without  modi-  be  added  for  the  mechanical  opera- 
^uipment  at  certain  critical  inter-  fication,  is  often  practical.  tion  of  the  corrective  device  used. 

|r,is.  Where  greatest  speed  and  ac-  Where  the  cycle  of  the  machine  is  A  somewhat  different  type  of  in- 
iiiacy  are  desired,  a  disk  having  slits  determined  by  the  time  required  for  termittent-speed  machine  moves  the 
Accurately  spaced  and  viewed  by  a  the  packaging  operation  rather  than  web  each  time  slightly  more  (or 
lecond  phototube  is  frequently  used,  by  the  time  required  to  properly  feed  slightly  less)  than  required.  The 
M  ki  A  «!  paper,  the  feed  may  be  moved  cumulative  error  then  adds  up  in  a 

foe  ag  ng  ac  n*  e  on  forward  until  the  register  spot  inter-  few  impressions  to  the  point  where 

Correction  must  be  applied  after  a  cepts  the  light  beam,  at  which  time  the  register  mark  operates  the  pho- 
rJsregister  has  been  detected.  The  the  phototube  relay  will  cause  the  totube  relay  and  produces  a  one-way 
pethod  of  doing  this  depends  on  the  paper  drive  to  be  stopped  or  a  brake  correction  which  brings  the  mark 
|esign  of  the  machine  and  the  inge-  to  be  applied  to  the  web  as  shown  in  back  to  the  beginning  point.  This 
I'lity  of  the  machine  designer.  On  Fig.  5.  Then,  after  the  cut  has  saves  considerable  wear  on  the  cor- 
ntermittent-fed  machines,  the  stroke  been  made,  an  interlocking  arrange-  recting  mechanism,  as  it  does  not 
nay  be  lengthened  or  shortened  ment  will  permit  the  sheet  to  be  have  to  operate  for  every  impression, 
llightly.  If  the  feed  rolls  are  small,  again  brought  forward  and  the  proc-  A  step  towards  higher-speed  oper- 
l  may  be  possible  to  use  a  compen-  ess  repeated.  ation  is  to  apply  the  same  principles 


raw  rolls  and  the  cutter.  Which 
lart  of  the  machine  should  be  driven 
ireetly  and  which  through  the  dif- 
trential  is  determined  principally 
ly  the  comparative  power  required 
rr  the  two  elements  and  the  effect 
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iG.  6  Rotary  selector  switch  used  in  connection  with 
phototube  register  control 


7  -Schematic  diagram  of  two-way  control  system 
'  orrects  for  either  fast  or  slow  paper  web  moTement 
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Another  typical  packaqinq  machine.  The  printed  wrapper  web,  with  register  marks, 
seen  near  the  center.  The  electronic  register  control  panel  la  risible  at  the  r 


accuracy  and  respond  to  a  smaller  greater  than  plus  or  minus  n’-«-inch.  we  are  faced  with  the  problem  of 

color  contrast  than  standard  relays.  The  next  logical  step  after  one-way  error  or  tolerance  of  register  in 

Capacity  coupling  is  used  between  register  control,  is  to  add  a  second  direction  from  normal  which  may 
phototube  and  amplifier.  Such  a  sys-  contact  to  a  rotary  selector  switch  permitted  before  the  apparatus 

tern  will  respond  readily  to  the  rapid  (such  as  the  one  shown  in  Fig.  6)  actuated, 

changes  in  light  that  occur  when  a  and  an  additional  control  circuit,  so 
register  mark  passes,  but  may  be  that  the  correction  may  be  made  in 
made  relatively  insensitive  to  slow  both  directions.  When  using  this 
changes  such  as  those  caused  by  ag-  method,  the  draw-rolls  are  set  to 
ing  of  the  light  source  or  by  changes  pull  the  paper  as  near  to  the  correct 
in  the  background  color  of  the  paper  length  as  possible.  Then,  any  tend- 
used.  ency  for  the  paper  to  go  ahead  of  or 

The  extremely  small  operating  sig-  lag  behind  the  correct  register  point 
nal  obtained  from  a  slight  color  con-  is  detected  by  the  phototube.  The  op- 
trast  as  seen  through  a  very  narrow  eration  of  the  selector  switch  indi¬ 
aperture  requires  that  the  amplifier  cates  the  proper  direction  of  correc- 
tube  be  placed  as  close  as  possible  to  tion.  An  adjustable  time-delay  cir- 
the  phototube  so  that  the  signal  will  cuit  is  provided  so  that  the  correction 
not  be  lost  through  excessive  capac-  can  be  preset  to  give  the  best  results, 
ity  or  inductance  in  the  connecting  A  schematic  diagram  of  such  an  ar- 
leads.  Although  local  conditions  will  rangement  is  shown  in  Fig.  7. 
have  a  great  influence  upon  the  As  long  as  the  correction  is  made 
speed  of  operation  and  the  accuracy  in  one  direction  only,  the  register 
permissible,  apparatus  of  this  type  mark  creeps  a  fixed  distance  from  the 
is  not  generally  recommended  for  correct  position,  causing  the  control 
paper  speeds  of  greater  than  50  to  operate  and  bring  it  back.  How- 
feet  per  minute  or  an  accuracy  of  ever,  with  two-way  register  control. 


Required  Regitfer-Mork  Tolerances 

The  tolerance  over  which  the 
ister  mark  may  move  without  ca 
ing  control  operation  is  called 
“dead  zone”,  and  is  shown  in  Fig. ' 
This  dead  zone  must  be  at  least  eq 
to  the  width  of  the  register 
plus  the  increment  of  correction 
be  made,  otherwise  each  time  a  co 
rection  is  made  it  will  throw 
register  mark  to  the  opposite  side 
the  dead  zone  and  a  reverse  co 
tion  will  be  made.  This  will  ca  ^ 
undersirable  hunting.  If  the 
struction  of  the  machine  is  such  : 
the  complete  correction  cannot  | 
made  before  the  next  spot  arrives,  i| 
will  be  necessary  to  increase  the  s'  | 
of  the  dead  zone  to  allow  for  ^ 
follow-up  action  so  that  hunting  j 
not  start. 

It  is  absolutely  neces.sary  that  j 
ister  marks  be  equally  spaced  al 
the  web  well  within  the  tolerance 
register;  otherwise,  alternate  mar 
might  touch  opposite  sides  of  t 
dead  zone  and  start  a  hunting  c.vcl 
It  is  necessary 
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of  their  own 
that  the  tension  of  the  paper  feed 
such  that  slip  of  the  draw  roll 
not  permit  radical  changes  in 
length  of  cut  for  which  the  con 
cannot  compensate. 


FIG.  8 — Biagram  showing  the  action  oi  a  two-way  control  system  and  the 
zone"  required  to  avoid  hunting 
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so  that  when  running  at  full  speed, 
the  differential  will  cause  the  draw 
roll  to  turn  1  percent  slow.  Thus, 
with  the  correcting  motor  stopped, 
we  have  a  speed  1  percent  fast  and, 
at  full  speed,  1  percent  slow.  There¬ 
fore,  when  the  correcting  motor  is 
running  at  approximately  50  percent 
speed,  the  draw  rolls  will  be  pulling 
the  paper  at  approximately  the  cor¬ 
rect  speed.  Also,  since  the  correcting 
motor  is  bucking  the  main  motor,  its 
load  is  extremely  light  and  it  is  very 
responsive  to  changes  in  armature 
voltage.  By  means  of  an  auxiliary 
control  panel,  we  may  then  momen¬ 
tarily  retard  or  advance  the  speed 
of  the  correcting  motor  to  obtain  a 
space  change  and  may  increase  or 
decrease  its  average  speed  to  obtain 
a  corresponding  effective  speed  rela¬ 
tion  change. 

In  order  that  the  correcting  motor 
may  at  all  times  turn  at  some  con¬ 
venient  percentage  of  the  speed  of 
the  main  motor  even  though  the  ma- 
of  whether  or  not  the  tension  is  cor-  chine  may  run  fast  or  slow,  the  cor¬ 
rect.  recting  motor  is  driven  by  a  gener- 

C..«r.l  Employi.,  Sp..d  Cb..,.  “'“t  >>'  th®  main  motor 

drive.  The  correcting-motor  field  is 
Another  possible  refinement  is  con-  constant  and  produces  maximum 
trol  of  the  relative  speeds  of  the  draw  torque,  but  the  generator  field  is  fed 
roll  and  cutter,  in  addition  to  their  from  a  potentiometer  rheostat  on  the 
space  relations.  This  may  be  accom-  control  panel.  This  rheostat  is  then 
plished  mechanically  by  controlling  rotated  with  each  corrective  pulse, 
the  tension  on  the  feed  roll  as  each  Prom  the  power  line,  a  small  direct 
space  correction  is  made.  Great  care  voltage  is  fed  to  the  motor  armature 
must  be  taken,  how’ever,  that  the  ^  direction  which  produces  the  re¬ 
speed  change  is  not  sufficiently  great  quired  momentary  space-change  oper- 
to  overbalance  the  space  change,  ation.  This  system  has  the  added  ad- 
otherwise  hunting  will  take  place,  vantage  that  the  average  speed  of 
One  form  of  combined  speed  and  j,,  always  kept  nearly  cor¬ 

rect.  The  increment  of  space  correc¬ 
tion  may  thereby  be  reduced  to  a 
much  smaller  value  than  that  u.sed  in 
the  two-way  space  register  control 
alone. 

Equipment  using  this  type  of  reg¬ 
ister  control  has  been  known  to  op¬ 
erate  at  400  or  500  feet  per  minute 
with  an  accuracy  of  register  of  plus 
or  minus  1/64-inch.  It  must  be 
(Continued  on  naije  180) 


fig.  9 — System  incorporating  both  tpood  and  space  correction  tor  extreme 
accuracy  in  mcrintaining  register  at  a  high-speed  rotary  kniie  of  o  packaging 

machine 


Since  it  is  impossible  for  the  scan- 
nj:  head  to  view  the  register  mark 
the  ideal  point,  i.e.,  that  at  which 
le  cut  takes  place,  we  must  com- 
r  .niise  and  view  the  spot  at  some 
sition  as  close  as  possible  to  this 
int.  If  it  is  necessary  to  place  the 
iinning  head  more  than  a  few  reg- 
tn-mark  lengths  away  from  the 
it.  any  error  (due  to  shrinkage, 
tc,,)  occurring  between  register 
iarks  will  accumulate.  This  usually 
^  not  a  serious  problem  provided  the 
i  nnjng  head  can  be  kept  within 
r  or  five  bag  lengths  from  the  cut- 
ff  point. 

.4.*!  mentioned  previously,  at  higher 
aper  speeds,  the  differential  type  of  correcting  motor 
i !  na  tion  is  almost  universally  used,  contactor  and  rheosi 
ii*  correction  made  by  this  type  of  j^^inction  with  a  two- 
liuipment  should  consist  of  a  correc-  panel.  Such  a 

ion  of  space  or  phase  angle  between  t rated  in  Fig.  9. 

;!•  draw  roll  and  the  cutter.  It  is  al-  The  draw  rolls  ai 
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FIG.  10 — -Action  of  bevel  differential  drive,  showing  how  both  the  main  motor  and 
the  correcting  motor  drive  the  draw  roll  and  how  changing  the  direction  of  the 
correcting  motor  rotation  will  add  or  subtract  from  the  effect  of  the  main  motor 
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Architect's  wash  drawing  oi  the  new  WJZ 
transmitter  building  now  being  erected  at 
Lodi.  N.  about  9  miles  irom  Manhattan 


Aericd  riew  of  the  WJZ  tower  at  Bound 
Brook,  showing  the  extent  of  the  ground 
system  that  will  hare  to  be  excorated  to 
salToge  precious  copper  for  the  new  site 
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Moving  a  50-k' 
Transmitter 


y 


How  WJZ,  New'  York  City’s  oldes 


broadcast  station,  is  moving  its  entir 


t  vi  i 

if;"' . 

•  '  '  I 

•  >■  I 


transmitter  and  640-foot  tower  to  a  ne\i 


site  on  the  North  Jersey  salt  marshes 
without  going  off  the  air.  in  order  to 


make  room  at  the  old  Bound  Brook 


site  for  four  new  OWT  transmitters 
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The  important  role  played  by 
short-wave  broadcasting  in  the 
present  war  has  indirectly  resulted 
in  the  moving  of  all  transmitting  fa¬ 
cilities  of  WJZ,  key  Blue  Network 
station  and  second-oldest  broadcast 
station  in  the  country,  from  the  in¬ 
ternational  short-wave  broadcasting 
center  at  Bound  Brook,  N.  J.  to  a 
new  site  at  Lodi,  N.  J. 

The  reason  for  the  move  dates 
back  to  the  time  when  the  Office  of 
War  Information  took  over  all  short¬ 
wave  broadcasting  facilities  in  this 


country  for  defense  purposes.  The 
United  States  then  had  only  a  hand¬ 
ful  of  transmitters  powerful  enough 
to  enter  the  international  competi¬ 
tion  of  short-wave  radio  to  South 
America,  Europe  and  the  Pacific. 
Our  twelve  stations  had  to  compete 
with  some  thirty  German  stations, 
a  half  dozen  Italian  stations,  and 
many  others. 

In  September  1942  the  construc¬ 
tion  of  twenty- two  more  short-wave 
transmitters  was  authorized,  all  to 
be  50  kilowatts  or  higher  in  powder. 


Locations  then  had  to  be  found  for 
the  new  transmitters,  and  buildinps 
obtained  or  erected  at  the  sites.  It 
was  highly  desirable  to  place  these 
new  stations  near  or  at  locations  of 
existing  transmitters  because  of 
availability  of  power,  communication 
facilities,  trained  operating  person¬ 
nel,  antenna  facilities,  ample  land, 
etc.  For  this  reason,  the  decision  was 
made  to  install  four  of  the  new  50-kv 
transmitters  at  Bound  Brook,  along¬ 
side  NBC’s  other  short-wave  sta¬ 
tions  WRCA  and  WNBI. 
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This  decision  brought  forth  the 
rst  problem,  that  of  deciding 
hether  to  erect  a  new  building  at 
ound  Brook  for  the  four  trans- 
itters,  or  whether  it  would  be  bet- 
r  to  use  the  present  WJZ  trans- 
itter  building  and  move  WJZ  facili- 
es  elsewhere. 

Investigation  showed  it  would  be 
onsiderably  cheaper  and  more  satis¬ 
factory  to  move  WJZ  and  its  640- 
oot  tower.  This  would  give  OWI 
.11  the  space  it  needs  for  the  added 
ihort-wave  stations.  Therefore,  in 
September  1942  the  Blue  Network 
as  asked  to  move  its  station,  with 
OWI  bearing  the  cost  of  dismantling 
and  part  of  the  cost  of  moving  the 
wer  and  transmitter. 

Choosing  a  New  Location 

With  the  Office  of  War  Informa- 
[tion  backing  WJZ  in  its  application 
for  the  necessary  F(X)  construction 
jpermit  and  the  WPB  application  for 
[essential  materials  required,  the 
problem  of  selecting  the  new  site 
.anie  up. 

Except  for  a  two-year  period  (the 
Aeolian  Hall  days),  WJZ  had  always 
been  a  New  Jersey  station,  and  the 
Blue  Network  wished  to  retain  this 
iation.  In  New  Jersey  are  the 
meadows,  consisting  of  large  areas 
f  salt  marshes  flushed  with  tide- 
'  iter  twice  a  day.  These  marshes 


provide  an  almost  perfect  ground 
for  transmitters,  with  a  low  and 
level  transmission  path  to  surround¬ 
ing  communities  and  the  New  York 
district. 

Large  though  the  marshes  are, 
extending  far  below  and  above  New 
York  City  proper,  the  desirability 
of  getting  a  signal  into  Manhattan 
as  nearly  as  possible  at  right  angles 
(so  waves  would  travel  a  near-mini¬ 
mum  distance  over  highly-absorptive 
Manhattan  skyscrapers  in  getting  to 
Long  Island  communities)  precluded 
going  too  far  north  or  south  of  Man¬ 
hattan  on  the  marshes.  This  re¬ 
stricted  the  search  to  an  area  roughly 
between  Newark  Airport  and  the 
towns  of  Paramus  and  New  Milford. 
In  this  area  were  located  ten  broad¬ 
cast  stations  already  serving  New 
York  City,  not  to  mention  a  large 
number  of  police,  aircraft  and  other 
communications  transmitters. 

One  of  the  difficulties  in  locating 
a  site  was  the  fact  that  WJZ’s 
frequency  is  lower  than  that  of 
any  other  broadcast  station  on  the 
marshes.  This  meant  that  its  tower 
would  be  higher  than  those  of  the 
other  stations  and  would  re-radiate 
their  signals,  appreciably  altering 
the  directional  patterns  if  too  close 
to  other  stations. 

It  was  desirable  to  find  a  site  near 
(Contimied  on  page  184) 


This  50-kw  WIZ  transmitter  ot 
Bound  Brook  will  be  moved  to  a 
new  site  without  interrupting  24- 
hour-a-day  broodcast  service 
and  with  on  cdmolute  minimum 
of  new  construction,  by  utilizing 
ouxiliary  equipment  at  both  old 
and  new  sites  on  a  carefully 
planned  schedule 


Beginning  of  dismantling  opera¬ 
tions  on  the  640-ioot  guyed  steel 
tower  at  Bound  Brook  will  start 
like  this,  with  steel-workers  at 
the  top  rigging  a  pole  for  lower¬ 
ing  the  structural  members  piece 
by  piece.  Steel  for  a  new  tower 
cannot  be  obtained,  so  this  tower 
will  be  moved  to  the  new  site 
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An  A-C  Operated  Vacuunfub 


Voltmeter  suitable  for  wide  range  of  voltage  and  frequency  uses  diode  rectifier  aiul  a-B  ^qI 
operated  triode  amplifier.  Voltmeter  is  relatively  unaffected  bv  line  voltage  clian 

requires  no  voltage  regulator,  and  can  be  constructed  for  twenty-five  dollars  I 


ORDINARILY  the  amplifier  incor¬ 
porated  in  a  vacuum-tube  volt¬ 
meter  operates  from  a  direct-current 
source  of  plate  supply.  This  is  con¬ 
venient  because  almost  any  reason¬ 
able  amplification  can  be  obtained 
with  good  stability  by  the  use  of 
fairly  simple  circuits.  Furthermore 
the  methods  of  determining  the  gain 
of  such  an  amplifier  are  likely  to  be 
well  described  in  any  standard  text 
on  electronics.  However,  such  an  ar¬ 
rangement  requires  a  rectifier-filter 
circuit  and  perhaps  a  voltage  stab¬ 
ilizer,  so  that  the  complete  voltmeter 
may  become  rather  bulky  and  ex¬ 
pensive.  Since  a  dependable  meter 
deflection  is,  after  all,  the  desired 
end  result,  it  seems  logical  that  a 
useful  vacuum-tube  voltmeter  might 
be  devised  in  which  the  plates  of  the 
tubes  are  operated  from  an  alternat¬ 
ing  voltage  directly,  thereby  elimin¬ 
ating  the  rectifier  and  filter  com¬ 
pletely. 


To  be  most  useful,  a  vacuum-tube 
voltmeter  should  give  a  correct  indi¬ 
cation  over  a  wide  range  of  fre¬ 
quencies,  preferably  from  the  low 
end  of  the  audio  frequency  band  to 
very  high  radio  frequencies.  A  vac¬ 
uum  tube  circuit  having  a  60  cycle 
alternating  plate  voltage  could  not 
be  expected  to  prqvide  indications  of 
voltage  which  are  independent  of  the 
frequency  of  the  input  signal  voltage. 
It  is  possible,  however,  to  rectify  the 
incoming  voltage,  whose  d-c  output 
may  then  be  amplified  by  means  of 
suitable  circuits  operated  from  an 
a-c  source  of  power.  A  circuit 
of  this  general  type  can  be  used  for 
measurements  over  a  very  wide  fre¬ 
quency  range. 

The  basic  circuit  of  an  a-c  opei'- 
ated  amplifier  is  shown  in  Fig.  1.  Be¬ 
cause  of  the  rectifying  action  of  the 
tube  unidirectional  pulses  of  current 
will  pass  through  the  load  resistor, 
R„  in  the  direction  shown  by  the 


The  careful  reader  will  discern  that  there  is  more  to  Mr. 
Thurston's  article  than  ^e  description  of  a  highly  useful  and 
inexpensive  voltmeter.  The  use  of  tubes  with  an  a-c  source  of 
plate  supply  has  wide  application  in  many  industrial  devices, 
particularly  if  a  tube  -so  used  is  reasonably  free  from  line 
voltage  variations  which,  laboratory  investigation  has  shown, 
is  the  case. 


The  analysis  of  the  operation  of  a  triode  with  a-c  plate 
supply,  together  with  the  graphical  analysis  of  the  behavior 
of  a-c  operated  pentodes,  as  given  in  "Power  Output  of  A-C 
Operated  Amplifiers"  by  W.  A.  Schwarzmann  in  the  August 
issue,  should  help  stimulate  interest  in  the  further  development 
of  a-c  operated  electronic  industrial  and  measuring  devices. 


arrow.  As  the  d-c  value  of  the  ^rii 
voltage,  Er,  is  varied,  the ‘tube  can  1 
considered  to  conduct  current  fi 
longer  or  shorter  periods  of  the  hal 
cycle  for  which  the  plate  is  positivi 
thereby  causing  both  the  averajf 
value  and  the  root-mean-square  valir 
of  the  load  current  to  vary.  Such  a 
circuit  is  an  "amplifier”  in  the  s(i,>  ■ 
that  small  voltage  changes  at  the  ii  ■' 
put  may  cause  relatively  lai>rB 
changes  in  the  voltage  across  R„  a!  ■ 
though  the  form  of  the  output  volt¬ 
age  may  not  be  at  all  similar  to  that 
of  the  input  voltage.  A  current  indi 
cator  placed  in  series  with  the  load 
resistor,  would  register  the 

changes  in  output  caused  by  the 
changes  in  grid  voltage,  and  if  this 
were  properly  calibrated,  the  meter 
could  be  used  to  determine  the  value 
of  the  applied  grid  voltage.  Such  a 
circuit  constitutes  the  basic  element  i 
for  a  simple  a-c  operated  vacuum 
tube  voltmeter.  The  instrument  to  be 
described  is  merely  an  improved 
version  of  the  circuit  of  Fig.  1. 

Most  vacuum  tubes  are  constructed 
so  that  the  grid  potential  must  be 
negative  to  effect  plate  current  cut¬ 
off.  As  a  result,  the  plate  current 
meter  of  Fig.  1  will  indicate  some 
positive  value  of  jdate  current  when 
the  grid  is  at  zero  potential.  In 
order  to  have  a  meter  reading  of 
zero  with  zero  grid  input  voltage, 
some  kind  of  balancing  scheme  is 
necessary.  The  circuit  of  Fig.  2  pro¬ 
vides  for  this  balance  by  allowing  the 
diode,  Ta,  to  supply  a  bucking  current 
which  should  be  equal  in  magnitude 
to  that  flowing  in  the  plate  circuit  of 
the  triode  at  zero  grid  voltage.  By 
use  of  the  tapped  transformer,  it  is 
possible  to  have  the  plates  of  T,  and 
T  positive  during  the  same  half  cy¬ 
cle.  which  makes  it  possible  to  have 
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Q  I— Fundomantal  •ledrical  circuit  o) 
the  a-c  operated  ampliiier 


G.  2— A-C  operated  ampliiier  with 
ilancinq  circuit  to  produce  sero  current 
.jugh  the  meter  for  xero  grid  Toltage  oi 
the  triode 


Photograph  oi  the  completed  eoltmeter.  ready  ior  operation 


peared  to  ^ive  a  more  stable  reading. 

The  basic  circuit  of  Fig.  2  is  a 
thoroughly  practical  one  for  vacuum- 
tube  voltmeter  service.  However, 
a  consideration  of  the  desirable  char¬ 
acteristics  of  a  vacuum-tube  volt¬ 
meter  for  continued  use  in  the  labo¬ 
ratory  or  shop  necessitated  the  de¬ 
velopment  of  circuits  more  suitable 
for  this  type  of  service  than  the 
basic  circuit  of  Fig.  2. 

Procticol  Considerations  in  Vacuum- 
Tube  Voltmeter  Design 

The  governing  principle  upon 
which  all  vacuum-tube  voltmeter  de¬ 
sign  should  be  based  is  that  the 
readings  must  be  dependable  and  re¬ 
producible  under  any  ordinan*  oper¬ 
ating  conditions.  Line  voltage  varia- 


IG.  3  Simplified  schematic  wiring  dia- 
i:am  oi  the  a-c  ampliiier  which  forms  part 

oi  the  vacuum  tube  voltmeter 

'  current  through  the  indicating 
ter  balanced  to  zero  at  all  instants 
zero  grid  voltage  is  applied, 
his  instantaneous  balance  is  not  re- 
uired  if  a  d-c  meter  is  used  as  an  in- 
tor,  but  it  proved  advantageous 
the  laboratory  because  it  reduced 
e  heating  value  of  the  current  that 
ssed  through  the  meter  and  ap- 
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tion.s,  which  are  always  present  to  a 
greater  or  lesser  extent,  must  be 
overcome.  In  the  case  of  the  a-c 
operated  instrument,  these  were  best 
overcome  by  the  use  of  balanced  cir¬ 
cuits  since  the  application  of  nega¬ 
tive  feedback  was  either  very  diffi¬ 
cult  or  not  sufficiently  effective.  Prac¬ 
tical  considerations  ruled  out  the 
use  of  a  regulated  power  supply  for 
the  voltmeter. 

The  characteristics  of  vacuum 
tubes  used  in  any  circuit  tend  to 
change  with  time  and  use.  In  addi¬ 
tion  commercial  tubes  vary  among 
themselves  so  that  the  circuits  in 
which  these  tubes  are  used  may  not 
be  dependable  for  measurement  work 
unless  some  method  is  devised  for 
taking  account  of  the.se  changes  and 


o-iop  no.  4-t  mlti 
SOOKl 


*  ”  T  02i 

1 

900K  j 

15K  5K : 

!  "J 

ItOOK  I 

Hk  IK. 

^5 

\ 

J. 

63> 

FIG.  4  -Schematic  diagrcm  *)f  complete  a-c  operated  vacuum  tube  voltmeter 


Ciompi*  shown 


plate  currents.  Once  adjusted  for  used.  The  physical  dimensioi-.s  of  t 
proper  operation,  however,  balance  is  6H6  are  rather  small,  whicii  mak 
obtained  over  a  wide  range  of  volt-  this  tube  useful  in  voltmetf  r  app 
age  changes.  The  net  result  is  to  cations  since  space  is  at  a  premia 
produce  an  indication  which  varies  in  an  instrument  of  this  type, 
by  about  ±  2  percent  for  a  line-  small  resistor  is  used  in  series  wi 
voltage  change  of  about  d=  10  per-  the  heater  of  the  6H6  to  1,^ 
cent.  its  filament  voltage.  This  tends 

Since  a  double  triode  is  used  in  the  reduce  the  potential  which  is  d*  < 
a-c  operated  amplifier,  there  is  a  oped  at  the  grid  of  the  left-hiti 
tendency  for  cathode  •  emission  and  triode  section  of  the  6SN7-GT  as 
other  tube  characteristics  to  change  result  of  the  initial  electron  velociti 
in  the  same  direction  in  the  two  sec-  emitted  from  the  cathode  of  ■] 
tions  of  the  triode.  This  helps  to  diode. 

maintain  a  balanced  circuit.  Further-  A  selector  switch  is  provided 
more,  the  use  of  a  double  triode  in  a  that  either  direct  or  alternating  ,  i 
single .  envelope  saves  considerable  ages  may  be  measured.  The  d-c  p 
space  inside  the  instrument.  tion  of  this  switch  simply  renK  vi 

The  arrangement  of  Fig.  3  has  the  the  diode  from  the  circuit  and  s  ; 
advantage  of  providing  a  meter  de-  stitutes  the  direct  voltage  which 
flection  that  is  very  nearly  directly  to  be  measured  for  the  rectified  ou 
proportional  to  the  d-c  value  of  the  put  of  the  diode.  Whichever  of  thes 
voltage  applied  at  the  input  ter-  voltages  is  to  be  used  is  impress« 
minals.  across  the  voltage  divider  to  whic 

the  range  switch  is  connected.  F( 
Th«  Complete  Vaciiem-Tube  Voltmeter  ^  given  meter  range,  this  switch  sin 

The  schematic  wiring  diagram  of  ply  selects  a  portion  of  the  voltas 
the  complete  a-c  operated  vacuum-  available  and  applies  it  to  a  res; 
tube  voltmeter  is  shown  in  Fig.  4  tance-capacitance  filter,  after  \vhi^ 
and  a  photograph  of  the  completed  it  is  impressed  upon  the  grid  of  tl 
unit  is  shown  on  page  103.  Essentially  a-c  operated  amplifier, 
the  instrument  consists  of  a  diode  The  diode  circuit  and  the  i)olari 
rectifier,  a  voltage  multiplier  or  marking  of  the  d-c  input  tormin? 
range  switching  device,  and  the  are  arranged  so  that  the  signal  gr 
double  triode  balanced  a-c  operated  of  the  6SN7-GT  is  always  at  zero 
symmetrical  amplifier.  at  a  negative  potential.  This  elirn! 

A  6H6  diode  is  used  as  the  input  ates  practically  all  grid  current 
tube  when  an  alternating  voltage  is  the  double  triode  and  makes  it  ; 
to  be  measured.  One  section  of  this  (Continued  on  page  224) 


FIG.  5 — Id«aBx*d  tried*  characteristics 
and  iUnstrotion  oi  method  of  colculatina 
output  of  a-c  operated  triode 


variations.  A  special  check-calibra¬ 
tion  method  was  devised  to  keep  the 
instrument  calibration  independent 
of  tube  changes. 

The  indicating  meter  in  the  case 
of  vacuum-tube  voltmeters  operated 
from  d-c  sources  is  ordinarily  a  d-c 
milliammeter  or  microammeter.  In 
the  case  of  the  a-c  operated  vacuum- 
tube  voltmeter,  however,  some  ques¬ 
tion  arose  as  to  what  type  of  meter 
would  be  most  satisfactory.  Labora¬ 
tory  work  soon  proved  that  here, 
also,  the  d-c  milliammeter  or  micro¬ 
ammeter  was  most  satisfactory  since 
such  a  meter  would  read  average 
values  of  plate  current.  Laboratory 
work  also  showed  that  plate  current 
pulses  in  the  a-c  operated  amplifier 
could  be  made  to  give  an  average 
(d-c)  reading  of  zero,  but  that  the 
root-mean-square  values  of  the  initial 
and  bucking  current  would  be 
greater  than  zero.  For  these  reasons, 
a  d-c  meter  was  chosen  as  an  in¬ 
dicator. 

In  the  course  of  the  search  for  a 
satisfactory  a-c  operated  amplifier, 
many  interesting  circuits  were 
studied  but  none  were  as  suitable  for 
vacuum-tube  voltmeter  service  as  the 
arrangement  shown  in  Fig.  3,  which 
is  a  simplified  circuit  of  the  ampli¬ 
fier  finally  used  in  the  a-c  operated 
voltmeter. 

The  use  of  two  identical  tubes  in  a 
symmetrical  or  balanced  circuit  tends 
to  eliminate  changes  in  calibration 
due  to  line  voltage  variation.  In  ac¬ 
tual  operation  the  two  tubes  are 
hardly  ever  exactly  identical  and 
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FIG.  6 — Curret  used  in  calculotlnq  direct  plate  current  of  a-c  operated  triodes 
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QUARTZ 


WHEN  OUR  WORLD  was  in  the  making,  one  of 
the  outstanding  unions  was  that  of  a  silicon 
atom  with  two  atoms  of  oxygen,  forming  a  molecule 
now  unrumantically  called  SiO*.  Colonies  of  these 
molecules  assembled,  governed  by  rigid  rules. 
These  developed  into  the  beautiful  lattice-like  struc¬ 
ture  of  the  quartz  crystals  from  which  come  the 
postage-stamp  size  slabs  that  today  permit  simul¬ 
taneous  operation  of  thousands  of  radio  transmit¬ 
ters  and  other  electronic  equipment  all  over  the 
world. 

Mining  quartz  in  Brazil  is  essentially  a  pick-and- 
shovel  procedure,  with  native  workers  probing  old 
veins  or  the  gravel  beds  of  prehistoric  rivers  by 
the  tedious  process  of  shovelling  earth  upward 
from  one  shelf  to  the  next,  then  hauling  it  away 
in  horse-drawn  two-wheel  carts. 

Raw  quartz  as  originally  formed  by  nature  is  a 
beautiful  hexagonal  crystal  with  slightly  tapered 
sides  and  many  facets  at  one  end.  It  must  usually 
be  broken  away  from  the  larger  mass  of  rock  out 


Quartz  Crystals 
in  Production 


MINING  QUARTZ  IN  BRAZIL 


..-x  X’i* 

K 


Six  of  the  major  processing  steps  used  at  the 
August  E.  Miller  Laboratories  of  North  Ber¬ 
gen.  N.  J.,  to  convert  mother  quartz  of 
ancient  Brazilian  riverbeds  into  vital  crystal 
units  for  military  transmitters  and  elec¬ 
tronic  equipment  are  here  portrayed; 
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LOCATING  THE  OPTICAL  AXIS 
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of  which  it  has  grown,  hence  one  end  -^11 
a  rough  fracture.  Most  of  the  quart  c( 
ing  from  Brazil  today,  however,  has  roll 
around  for  centuries  in  gravel  b-ds 
rivers,  so  that  original  surfaces  are  uir-reh 
worn  away  by  erosion. 

Locating  the  optical  axis,  the  fir.  t  a 
in  the  preparation  of  a  piece  of  quartz  for 
cutting  into  radio  crystal  units,  is  done  v 
polarized  light  in  an  instrument  called 
conoscope.  The  position  is  markec  wit 
crayon  as  a  guide  for  the  next  cut.  Thi 
orientation  can  be  performed  accurate! 
even  though  all  surfaces  are  worn. 

X>ray  orientation  serves  to  locate  oth 
cr^^llographic  axes,  used  as  guides 
mhi^g  *0Wriinal  saw  cuts  at  the  coi 
angles  to  insure  that  the  crystal  freciuencv 
will  remain  essentially  constant  over  a  given 
temperature  range. 

Sawing  into  Z  sections  or  large  blocks 
done  on  a  machine  like  a  circular  saw,  u 
a  precision  saw  blade  having  diamond  teeth 
imbedded  in  its  circumference.  The  mothe 
crystal  is  clamped  to  the  saw  table,  usin^- 
wood  blocks  and  wedges  to  position  it  at  the 
previously  determined  correct  angle.  Fn  n 
the  Z  sections  are  sliced  the  wafers 
blanks  that  go  next  to  the  grinding  i  .  ur 
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GRINDING  BLANKS^ 
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Quartz  Crystals 
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Prcduction  (coBliaMd) 

Grinding  blanks  follows  an  inspection 
or  defects.  Several  dozen  blanks  can 
iften  be  mounted  in  a  single  holder  and 
[round  simultaneously,  insuring  flat  and 
rtrallel  surfaces, 


Frequent  checks  of 
thickness  with  a  micrometer  are  essential, 
for  the  thickness  is  now  brought  to  within 
1/10,000  inch  of  its  final  value. 

Final  grinding  and  testing  generally  re¬ 
quires  the  more  delicate  touch  of  a  woman's 
hand,  for  now  dimensions  are  forgotten 
and  the  crystal  is  brought  to  its  final  de¬ 
sired  frequency  by  alternate  lapping  and 
;  measurement  of  its  frequency, 


This  meas¬ 
urement  is  performed  by  inserting  the 
carefully  washed  crystal  slab  in  a  holder, 
plugging  the  holder  into  a  crystal  oscillator 
circuit,  and  noting  whether  or  not  the 
oscillator  has  reached  the  desired  frequency. 

Performance  tests  extending  over  the 
entire  range  from  70  deg.  below  zero  to  120 
deg.  above  zero  Fahrenheit  are  made  in  tiny 
individual  ovens  on  racks,  permit  simul¬ 
taneous  tests  of  many  crystals. 

Finished  crystal  units  are  mounted  in 
carefully  designed  holders  that  generally 
have  plug-in  terminals  to  which  the  elec¬ 
trodes  on  each  side  of  the  crystal  slab  are 
connected. 


FINAL  GRINDING  &  TESTING 


PERFORMANCE  TESTS 
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Complete  data  on  a  frequency -in  ertei 
circuit  that  scientifically  scrami.les  « 
human  voice  for  purposes  of  secrtcy  u 
transmission.  The  same  circuit  mav 
be  used  for  unscrambling  speech  at  the 
Five  band-splitting  meihodi 
that  combine  with  inversion  to  insure 
greater  privacy  are  also  taken  up 


receiver, 


even 


Float  Tiow  of  qpooch  ioTorter  for  which  comploto 
drcait  la  Qhran  in  Fig.  2.  Upper  dial  controla  in- 
▼ortlag  frequency.  Two  input  lacks  permit  use  with 
two  receieers  to  hear  both  sides  of  a  scrambled 
radio-phone  conrersotion 


Sperry  Oyrogvopr  Co.  Jlrooklyti,  .V.  J' 


restored  to  normal  by  a  similai’ 


IT  HAS  LONG  been  recognized  that  Therefore'^^i 
there  are  times  when  it  is  desir-  ters  these'  6 
able  to  transmit  the  human  voice  make  it  ir 
over  a  telephone  line  or  radio  tele-  transmitted 

phone  circuit  in  such  a  form  as  to  be  speech  until  approximlfti$*tSDprect  modulate 
absolutely  unintelligible  to  unauthor-  relationships  have  been  restored.  constant 
ized  listeners.  In  straining  ordi'nj^  ^ech  frequency)  to  produce  frequencies 

Several  different  methods  which  through  the  mediuip'  Scrambling,  which  are  combinations  of  the  speech 
have  been  employed  to  attain  privacy  the  frequea^ie#  of  each  of  th&j«om-  frequencies  and  the  inverting  fre- 
for  the  spoken  word  on  communica-  ponents  speech  ^‘currents -  j are  quency.  These  frequencies  will  in- 


^i^ion  which 

ins  materifllfy  v^ili  ess  of  inversion.  •  '  - 

lie  to  detect  Jhe  In  creating  inverted  speech,  nor- 
!S  as  iQtellig;||^  mal  voice  frequencies  are  caused  to 
~  Is^wn  manner  a 

‘equency  (inverting 


nounce  th 
words  “te 
translated 
something 


The  inv< 
jangling  o 
larly  ami 


Frequency  lnversi( 
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SCRAMBLING  Methods 


i  C'V.i 

ruc- 


verted.  The  upper  side-band  is 
resentative  of  the  original  input 
rt^uencies  raised  up  in  the  spectrum 
iv  the  value  of  the  inverting  fre- 
liiency.  In  actual  practice  of  secret 
elephony,  ’  this  upper  side-band  is 
ittcnuated  by  filters  and  only  the 

t verse  frequency  band  is  used  for 
ansmission. 

It  is  rather  difficult  to  describe  the 
scordant  nature  of  inverted  speech, 
|)ut  anyone  who  has  listened  to  the 
onfused  mumble-jumble  of  a  phono¬ 
graph  disk  reversed  will  get  a  fair 
idea  of  the  type  of  meaningless 
unds  produced.  The  low  frequen- 
[cies  of  speech  are  transformed  into 
;;h-pitched  squeaks,  while  the  highs 
ad  over-tones  present  in  the  voice 
roduce  a  succession  of  low  gutteral 

f  •  -  , 

I  On  listening  to  certain  words 
Aken  through  the  inverter,  it  is 
-^ible  in  some  instances  to  pro- 


r  !>. 

■V! 

-  f 


M 


phony  so  that  it  is  completely  lacking 
in  structure  and  composition.  In¬ 
creasing-pitch  notes  of  music  be¬ 
come  decreasing-pitch  notes  in  the 
inverse  frequency  band  and  vice 
versa. 

Inverted  speech  has  long  been  em¬ 
ployed  on  the  trans-ocean  ic  telephone 
circuits  to  provide  a  limited  amount  ^ 
of  privacy  against  eavesdropping  by 
short-wave  radio  listeners.  For  a 
higher  degree  of  secrecy  on  some  of 
the  more  important  telephone  links 
carrying  diplomatic  calls  and  such,  a 
form  of  garbling  more  commonly 
known  as  band-splitting  .  has  been 
employed. 

Speech  Inverter  Cirenit  Theory 

Figure  1  illustrates  a  fundamental 
circuit  for  one  type  of  speech  in¬ 
verter.  The  same  circuit  is  applicable 


for  bolh  scrambling  and  unscram¬ 
bling.  It  is  essentially  a  Hartley 
balanced  modulator  or  demodulator 
in  which  a  pair  of  triodes  are  con¬ 
nected  to  produce  certain  frequencies 
and  to  suppress  certain  other  fre¬ 
quencies. 

The  term  /,  is  representative  of 
voice  currents,  as  from  an  ordinary 
telephone  set,  and  represents  a  band 
extending  from  200  to  3000  cycles, 
which  is  considered  adequate  for 
good  communication^  measured  ^n 
terms  of  satisfaction  given  to  tele-‘ 
phone  subscribers.  The  term  /*  indi¬ 
cates  a  sustained  high-frequency  car¬ 
rier  or  inverting  frequency.  The 
impedances  Z„  Z,  and  Z^  indicate  the 
voice  frequency  source,  inverting  fre¬ 
quency  source  and  the  output  line 
impedance,  respectively. 

Since  the  inverted  speech  will  oc¬ 
cupy  the  same  frequency  range  as 


FIG.  1 — Fundamental  circuit  of  balanced  modulator  ior  speech 
inversion 


n  unce  them.  For  example,  the 
words  “telephone  company”  when 
translated  by  an  inverter  sound 
something  like  “playafiend  crinkan- 

ope". 

The  inversion  of  music  results  in  a 
jangling  of  tones  which  are  particu¬ 
larly  amusing.  This  process  will 
mutilate  the  most  beautiful  sym¬ 


Rear  view  oi  speech  inverter.  Operating  voltages  are  obtained 
from  a  separate  power  pack.  Intelligible  audio  signals  ied  into 
this  unit  come  out  scrambled,  while  scrambled  signals  fed  into 
the  unit  come  out  unscrambled 


tube  having  essentially  the  sam  con¬ 
stants,  a,  b,  c,  etc.,  be  used,  th*^  out¬ 
put  /,  from  this  tube,  due  to  t  siuj. 
ilar  impressed  wave,  will  be  sul  stan 
tially  It  =  avx  +  hv*  -f  cv*  +  . . 

It  is  found  in  practice  th  it  all 
terms  in  this  series  after  the  i^-cond 
power  term  6v,*  may  be  neglect*  d  for 
most  purposes.  It  is  also  obviou  that 
the  first  term,  which  simply  repre¬ 
sents  the  amplifying  property  of  the 
tube  without  any  frequency  modifi. 
cation,  plays  no  part  in  the  modula¬ 
tion  process.  The  property  i  epre- 
sented  by  the  square  term  hv',  how¬ 
ever,  is  commonly  made  use  of  for 
effecting  the  modulation  of  one  in¬ 
put  wave  by  another. 

Since  one  object  of  using  a  bal¬ 
anced  modulator  is  to  suppress  un¬ 
modified  frequencies,  the  two  tubes 
are  connected  with  respect  to  the 
unmodified  waves  so  that  the  un¬ 
modified  wave  from  one  tube  is  neu¬ 
tralized  by  that  of  the  other  tube, 
as  shown  in  Fig.  1.  The  unmodified 
frequencies  are  fed  into  the  grids  of 
Fj  and  F,  in  push-pull.  The  plates 
form  a  parallel  output  circuit  by 
means  of  the  substantially  zero  re¬ 
actance  connection.  With  this  ar¬ 
rangement  the  input  wave  v,  im¬ 
pressed  on  one  tube  is  reversed  in 
sign  relative  to  that  impressed  on 
the  other,  so  that  the  two  waves  have 
a  phase  difference  of  180  deg.  and  the 
output  currents  are  added.  This 
produces  the  result  desired,  as  indi¬ 
cated  in  the  following  equation  in 
which  the  relatively  unimportant 
higher  power  terms  are.  neglected. 
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FIG.  2 — Complete  practical  circuit  for  tho  speech  inverter  shown  in  the  photographs. 
The  inverting  frequency  generated  by  the  6C5  oscillator  is  controlled  by  Ri,.  and  is 
about  3000  cycles  with  the  control  at  its  mid-position 


the  original  speech,  but  in  reverse  band  /V+Zr  is  the  original  voice  fre- 
order,  it  is  essential  for  complete  quency  band  raised  up  in  the  spec- 
privacy  that  these  original  voice  cur-  trum  by  the  value  of  /*.  The  lower 
rents  /,  do  not  appear  across  the  out-  side-band  is  an  inverted  ver- 

put  line  impedance  Z*.  Since  the  in-  sion  of  the  original  voice  frequencies, 
verting  frequency  is  near  but  higher  occupying  the  same  position  in  the 
than  the  highest  essential  voice  fre-  spectrum  but  in  reverse  order.  High  The  completeness  of  this  action  is 
quency,  it  is  essential  that  it,  also,  notes  then  become  low  notes,  and  dependent,  however,  upon  the  tubes 
does  not  appear  across  the  output  lows  become  highs.  being  identical  as  to  the  properties 

impedance  Zt.  While  the  process  of  modulation  repr^ai^nted  by  the  constants  a  and  b 

These  results  are  secured  to  a  is  merely  a  side  show  in  scrambling,  in  the  equation,  and  it  is  also  de- 
high  degree  with  the  type  of  bal-  an  analysis  of  the  interaction  of  cur-  pendent  upon  the  current  /,  being 
anced  modulator  shown,  producing  rents  to  produce  sum  and  difference  completely  added  to  the  current  /^ 
certain  frequencies  which  are  com-  frequencies  will  be  interesting.  The  addition  of  the  two  output  cur- 

binations  of  the  voice  frequencies  The  current  in  the  output  of  a  rents  represents  in  part  really  the 
/,  and  the  carrier  frequency  /„  but  three-electrode  vacuum  tube  is  as-  cancellation  of  the  undesired  corn- 
suppressing  the  unmodified  fre-  sumed  to  be  capable  of  representa-  ponent  represented  by  the  first  power 
quencies  which  are  the  impressed  tion  by  a  power  series  having  as  an  term  ov,;  therefore,  if  the  current 
waves  uncombined  with  each  other.  independent  variable  the  voltage  im-  h  from  the  first  tube  is  exactly  equal 
The  frequencies  produced  are  the  pressed  upon  the  input  circuit.  That  to  /»  but  if  the  adding  function  does 
upper  and  lower  side-bands,  /,+/,  is.  A,  the  output  current  from  one  not  completely  involve  both  A  and /» 
and  fc—fv,  which  are  respectively  the  such  tube  due  to  an  input  voltage  Vi,  there  will  be  a  residue  of  the  corn- 
inverting  frequency  plus  the  voice  may  be  completely  represented  by  ponent  av,  appearing  across  output 
frequencies  and  the  inverting  fre-  A  =  avi  +  bvi*  +  cv,*  -f  ...  in  which  transformer  T,. 
quency  minus  the  voice  frequencies,  a,  b,  c,  etc.,  are  constants  depending  Across  the  secondary  of  Tx  is  < 
It  will  be  seen  that  the  upper  side-  on  the  tube  characteristics.  If  another  variable  resistance  Rt,  with  the  ad 
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Iitable  contact  going  to  the  common  receivers  for  unscrambling  trans-  provide  magnetic  and  inductive  bal- 
or  cathode  connection.  A  oceanic  telephone  conversations.  Two  ance. 

capacitor  Ci  is  connected  in  receivers  are  necessary  if  one  wishes  Since  we  cannot  have  an  ideal 

iiyit’^ith  one  half  of  the  secondary  to  hear  both  sides  of  a  conversation,  transformer,  the  controls  and  C, 
iiidinr.  The  purpose  of  this  is  to  The  output  impedance  is  500  ohms  are  provided  to  compensate  for  any 
pen  ate  for  any  inequalities  in  looking  directly  out  of  the  low-pass  inequalities  present.  The  function  of 
e  two  halves  of  thejsecondary  wind;  filter.  The  two  output  jacks  permit  is  to  provide  for  balancing  the 
g  and  to,  secure  a  symmetrical  bal-  using  two  pairs  of  250-ohm  imped-  plate  currents  of  the  two  6C5  modu- 
,oe  of  the  two  sidea^of  the  circuit  ance  headphones  connected  in  series,  lators.  All  these  controls  are  used  to 
•th  respect  toj^round.  The  6C5  input  amplifier  is  really  a  balance  out  of  the  output  circuit  the 

The  two  tubes'  Vi  and  V»  should  mixer  stage  to  couple  the  outputs  of  incoming  speech  waves  and  the  in- 
^  carefulijp  selected  to  have  as  far  two  radio  receivers  to  the  modulator  verting  frequency  from  the  6C5  oscil- 
.  Rouble  identical  characteristics,  input  transformer  T,.  This  trans-  lator.  They  can  be  seen  as  the  three 
[his  is  important,  hs  ' has.  already  former  plays  an  important  role  in  small  knobs  across  the  bottom  in  the 
„.en  pointed  out  in  connection  with  the  circuit  and  should  be  carefully  front-view  photograph.  Preliminary 
he  above  equations.  chosen.  The  Amertran  Type  D-21  balancing  can  be  aided  by  careful 

Potentiometer  Rx  is  for  adjustment  was  found  to  be  satisfactory.  It  can  selection  of  the  two  6C5  modulators 
f  the  amplitude  of  the  inverting  be  seen  mounted  near  the  top  of  the  and  by  interchanging  them  during 
i.equency  /«,  which  must  be  large  in  panel  in  the  rear-view  photograph.  the  process  of  balancing.  The  half 
.  mparison  with  the  /,  input  voltage.  In  brief,  to  supply  the  grids  of  the  of  the  secondary  across  which  capac- 
In  actual  practice  there  would  be  two  modulators  with  voltage  at  dif-  itor  C*  must  be  shunted  can  only  be 
aluded  a  suitable  wave  filter  con-  ferent  frequencies  that  are  exactly  determined  by  experiment, 
ected  to  impedance  Zl  for  selecting  180  deg.  out  of  phase  and  of  equal  Transformer  T*  is  a  standard 

the  inverted  side-band.  amplitude  is  an  ideal  condition  but  plate-to-line  transformer,  and  any 

is  difficult  to  attain  in  practica,  A  good  make  will  serve  the  purpose, 
perfect  balance  obtained  for  one  Xhe  low-pass  filter  is  of  the  m-de- 
frequency  will  not  be  a  perfect  bal-  rived  type  to  provide  for  suppression 
ance  at  another  frequency.  of  the  upper  side-band  produced  bj 

The  transformer  used  for  T,  must  modulation.  The  filter  is  calculated 
have  low  distributed  capacitance  and  with  the  following  characteristics : 
low  capacitance  between  windings,  /,  =  2810;  /*=  3620;  R.  —  477 
and  the  center  tap  on  the  secondary  m  —  0.63.  J  ; 

cannot  be  taken  from  within  a  wind-  The  construction  of  the  filtei 
ing.  Two  leads  must  be  brought  out  should  be  undertaken  with  the  fol 
from  separate  sections  of  coils  to  lowini?  ooints  in  mind.  It  is  essen 


Compute  Spoeeh  Invorter  Circuit 


I  Figure  2  shows  a  complete  sche- 
Imatic  of  the  speech  inverter  shown 
;in  the  photographs.  The  unit  is  com¬ 
plete  with  power  supply  and  a 
low-pass  m-derived  filter.  Two  high- 
impedance  input  circuits  are  pro¬ 
vided  so  the  unit  can  be  used  in 
short-wave 


conjunction  with  two 


Bond 

fHiers 


Band  Modv/orfor-s 

fHiers  Mm 


L  oH-ice  ~connecfed 
Copper  -  oKide 
rech'fiers 


c-f3b 


Ou'f’pof 


fIG.  3 — Boslc  bond-epUttiBg  onangumunt  for  incroosod  privacy  in  radiophono  com- 
munlcottOD.  Tho  bond  fllton  divld#  OMontiol  voico  iroquencios  into  lour  equal  bands  of 
width  b,  with  f  being  the  loweet  essential  voice  frequency.  Two  oscillotor  frequencies 
ore  ovailable  for  each  copper-oside  modulator  to  provide  speech  Inversion.  The  output 
of  each  modulator  moy  b«  fed  to  either  of  two  filters,  one  passing  the  upper  ond  tho 
other  the  lower  sideband,  thus  providing  many  possible  arrangements 
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Quick  quenching  aiter  heating,  with  a  minimum  of  handling,  is  achieved  by  surround¬ 
ing  a  work  coil  with  a  woter-sproy  quenching  ring.  The  turns  of  the  coil  are  flattened 
to  permit  possage  of  water  between  them  to  get  more  turns  in  the  available  space 


Arrangement  for  hardening  a  top  by  heat¬ 
ing  only  the  cutting  surfaces,  then  quench¬ 
ing  immediately  with  a  water  spray  ring 


WORK 


COILS 


for 


High-F  requency 


Brosing  a  cemented  carbide  tip  on  a  steel  shank  with  Carboloy- 
General  Electric  induction  heating  equipment  using  a  500-kc 
vacuum  tube  oecillator  with  a  water-cooled  work  coil.  The  sliding 
iig  positions  the  tool  correctly  inside  the  coil 


Heating 


The  load  inductor  or  work  coil 
of  a  high-frequency  heating  unit 
generally  consists  of  a  few  turns  of 
copper  tubing  shaped  to  fit  around  or 
inside  the  object  to  be  heated.  Water 
is  usually  forced  through  the  tubing 
for  cooling  purposes  since  the  coils 
carry  heavy  r-f  currents  and  would 
otherwise  become  quite  hot  in  con¬ 
tinuous  use.  The  tubing  is  often  flat¬ 
tened  in  order  to  secure  the  desired 
number  of  turns  within  the  dimen¬ 
sions  of  smaller  objects. 

Each  new  shape  of  object  to  be 
heated  generally  requires  a  special 
coil.  Plant  engineers  are  discover¬ 
ing,  however,  that  their  own  skilled 
mechanics  are  capable  of  making 
these  coils  after  a  bit  of  practice  in 


handling  copper  tubing.  When  coils 
are  made  up  right  in  the  plant  as 
needed,  instead  of  being  ordered 
from  the  manufacturer  of  the  heat¬ 
ing  unit,  days  or  even  weeks  of  time 
can  be  saved. 

The  design  of  a  work  coil  is  to  a 
great  extent  a  combination  of  experi¬ 
mentation  and  experience  with  prev¬ 
ious  coils.  The  examples  shown  in 
this  article,  made  by  engineers  at 
Lepel  High  Frequency  Laboratories 
of  New  York  City  except  for  the 
brazing  coils  credited  to  Carboloy- 
GE,  will  serve  as  guides  in  winding 
coils  for  similar  applications. 

The  size  of  tubing  to  be  used  is 
governed  chiefly  by  the  mechanical 
strength  required.  Small-diameter 


tubing  is  more  easily  formed,  and  is 
generally  satisfactory  when  the  coil 
will  not  have  to  support  the  article 
being  heated.  The  coil  shape  need 
conform  closely  to  that  of  the  object 
being  h^ted  only  when  it  is  essen 
tial  to  utilize  the  full  heating  po 
tentialities  of  the  power  source,  as 
for  heating  large  objects  or  for  se 
curing  a  desired  temperature  in  the 
shortest  possible  time. 


Applications 

The  general  run  of  industrial 
work  which  can  be  handled  with  elec 
tromagnetic  high-frequency  heating 
equipment  comes  under  three  head 
ings:  Hardening  and  annealing; 
brazing  and  soldering;  melting. 


quency 

object 

exampl 


i 
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r«k  coU  used  lor  localisod  hooting  of 
tho  Insido  of  a  stool  ring 


With  the  work  coil,  quenching  barrel  and  stock  box  conTeniontly  positioned  in  front  of 
the  operator,  localised  hardening  is  achioTod  efficiently  with  no  excess  heat  to  create 
discomiort.  The  spark  gap  type  heating  unit  being  used  here  is  made  by  Lepel  High 
Frequency  Laboratories,  New  York  City 


ingement  for  .  localised  heating  and 
inning  of  the  wearing  points  of  trip 
fs.  The  heat  is  limited  to  the  sections 
which  protect  inside  the  work  coil 


Past  experience  generally 
governs  the  winding  of 
work  coils  which  transfer 
r-f  energy  from  high-fre¬ 
quency  equipment  to  the 
object  being  heated.  The 
examples  given  here  will 
serve  as  practical  guides 


A  plastic  handle  and  flexible  connecting 
leads  (condnetiTO  tubing)  make  this  work 
coil  os  conwenient  as  a  soldering  iron,  par¬ 
ticularly  for  soldering  or  brosing  opera¬ 
tions  on  a  mowing  conreyor.  The  coil  is 
held  around  each  obiect  in  turn  until  the 
solder  or  brosing  olloy  melts 


Heating  for  the  purpose  of  hard¬ 
ening  or  annealing  can  be  produced 
uniformly  throughout  an  object  with¬ 
out  too  much  attention  to  coil  shape 
or  dimensions.  The  frequency  is 
likewise  not  critical,  and  can  be  as 
low  as  10,000  cycles  in  some  cases. 

Surface  heating  is  generally  ob¬ 
tained  with  higher  frequencies,  so 
as  to  utilize  more  pronounced  skin 
effects.  To  heat  an  outside  surface, 
the  coil  is  placed  around  the  object. 
The  inside  surface  of  a  hollow  or 
ring-shaped  object  is  heated  simply 
by  placing  the  work  coil  inside  the 
object.  Localized  heating  can  be  ob¬ 
tained  by  shaping  the  work  coil  to 
{Continued  on  page  299) 


Pancake  Types 


Ty:>icol  Corboloy-GE  work  coil  arrongomenlB  used  in  induction  brazing  of  carbide 
cii!'ing  tools.  When  many  tools  are  to  be  brazed  and  the  heating  unit  has  suiiic 
capacity,  seweral  coils  can  be  used  in  series  to  braze  two  or  more  tools  at  a  time. 
The  small-diameter  copper  tubing  is  easily  bent  to  the  required  shape 
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U.  S.  Short-W  ave  Broadcast 


New  Office  of  War  Information  radio  headquarters  equipment  in  New  York  City  can 
handle  20  different  programs  simultaneously,  dispatching  them  to  as  many  as  40  short¬ 
wave  transmitters.  All  programs  are  automatically  recorded,  some'  for  re-broadcast 


can  be  rev 
desk  by  mes 
reversal  eq' 
[feeding  pro 
the  opposit 
from  a  nr 
control  des 

TroMHiis 


WHEN  the  Office  of  War  Infor¬ 
mation  decided  last  year  to 
lease  every  short-wave  broadcast 
transmitter  in  the  United  States  and 
feed  all  except  a  few  West  Coast  sta¬ 
tions  with  programs  passing  through 
a  single  OWI  master  control  center 
located  in  New  York  City,  a  multi¬ 
tude  of  extremely  complex  switching 
and  control  problems  was  thereby 
created. 

The  main  goals  in  designing  the 
technical  equipment  for  this  control 
center  were  completely  flexible  pro¬ 
visions  for  handling  up  to  20  differ¬ 
ent  programs  simultaneously  from 
local  or  outside  points,  switching 
these  programs  in  every  conceivable 
manner  to  up  to  40  different  trans¬ 
mitters  within  a  few  seconds  dur¬ 
ing  station-break  intervals,  recording 
every  program  continuously  for  ref¬ 
erence,  recording  some  programs  for 
later  rebroadcast,  and  monitoring  of 


all  programs  by  censors.  The  final 
solution  that  attains  all  these  goals 
and  many  more  besides,  involved  the 
design  and  construction  of  a  single 
master  control  desk  having  more  pro¬ 
gram  transmission  facilities  than 
perhaps  any  other  control  desk  in  the 
world. 

The  completed  master  control  desk 
will  have  20  complete  and  individual 
channels,  capable  of  handling  20 
different  programs  simultaneously. 
Programs  can  originate  in  16  new 
OWI  broadcasting  studios  in  the 
same  building  as  the  master  control, 
in  two  special  rooms  for  transcrip¬ 
tion  broadcasts,  in  two  “flash  booths” 
for  special  announcements  broken 
into  programs,  in  other  radio  broad¬ 
casting  studios  in  New  York  City 
and  vicinity,  or  at  any  of  20  main 
short-wave  transmitters  served  by 
this  master  control  center.  A  total 
of  40  different  program  lines  will  be 


brought  to  the  input  terminals  of 
the  master  control  desk. 

Each  of  the  20  channels  on  the 
control  desk  is  assigned  to  a  par¬ 
ticular  main  transmitter.  Up  to  20 
additional  transmitters,  called  sec¬ 
ondary  transmitters,  can  also  be 
served  with  any  of  the  programs 
being  fed  to  the  main  transmitters, 
but  secondary  transmitters  cannot 
be  fed  directly  by  a  control  desk 
channel. 

All  equipment  in  program  lines 
going  to  the  20  main  transmitters 


Temporary  moutar  patch  board  bolnq  uaod 
for  awilching  all  OWI  ahort-waro  pro- 
grama  ponding  complotion  of  tho  maator 
control  doak,  aftor  which  thia  board  will 
bo  uaod  only  in  omorgoncioa.  Aa  mony  en 
a  doaon  dlfforont  programs  oro  paaaing 
throngh  this  board  almultonoonaly  undor 
tomporory  oporoting  conditiona.  nocoaal- 
tatlag  corofolly  proporod  swltdiing  cbarta 
for  oack  qvortor  hour 
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Over-all  picture  oi  the  prog 
and  transmission  facili 
hondled  through  the  mastor 
trol  desk.  Up  to  20  of  the  i 
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CONTROL  CENTER 


tan  be  reversed  from  the  control 
desk  by  means  of  controls  on  the  line 
reversal  equipment  panel,  to  permit 
feeding  programs  over  these  lines  in 
the  opposite  direction  when  desired 
(from  a  main  transmitter  into  the 
control  desk). 

TraRsmissieii  Master  Ceatrol  Desk 

Each  channel  on  the  master  con¬ 
trol  desk  contains  a  total  of  47  relays. 
These  switch  the  channel  input  to 


any  one  of  the  available  program 
sources,  switch  the  channel  output 
to  any  number  of  paralleled  trans¬ 
mitter  lines  up  to  20  that  are  taking 
the  program  of  the  channel,  and  pro¬ 
vide  other  necessary  switching  func¬ 
tions.  These  relays  are  the  recently 
developed  Western  Electric  type  U, 
capable  of  handling  up  to  13  pairs 
of  contacts  in  a  variety  of  arrange¬ 
ments. 

All  relays  and  controls  can  be  pre¬ 


set,  so  that  all  20  channels  can  be 
switched  simultaneously  to  an  en¬ 
tirely  new  set-up  of  program  sources 
and  transmitter  arrangements  within 
a  few  seconds  on  the  quarter  hour, 
half  hour  or  hour.  There  are  61  in¬ 
dicating  lights  per  channel  on  the 
master  control  board  to  show  pre-set 
and  on-air  connections. 

Additioiial  switching  is  accom¬ 
plished  with  25  type  479  Western 
Electric  3-position  keys  per  channel 


EQUIPMENT  SUMMARY 

10,000  W.E.Co.  type  218-A  jacks 

1000  W.E.Co.  type  U  relays 

350  W.E.Co.  standard  relays 

80  RCA  type  85X  isolation  amplifiers 

60  RCA  type  83D  line  amplifiers 

56  RCA  type  12236  cue  amplifiers 

46  W.E.Co.  type  104-B  preamplifiers 

44  RCA  type  70-C  transcription  turntables 

40  Memovox  recording  amplifiers 

24  W.E.Co.  type  118  amplifiers 

20  W.E.Co.  type  105  program  amplifiers 

16  modified  W.E.Co.  23-C  studio  amplifiers 

14  W.E.Co.  type  1087  power  amplifiers 

14  RCA  type  73A  recording  lathes 

4  W.E.Co.  type  1126  compressing  amplifiers 
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Rvcording  control  desk,  at  which  the  recording  superrisor  con  take  os  many  as  14 
different  programs  from  transmission  master  control  and  dispatch  them  to  transcription 

recording  lathes 


Amplifier  bank  ond  lack  panels  serving  the  transcription  recording  lathes 


View  of  recording  room,  showing  recording  lathes  used  to  produce  high-fidelity  tran¬ 
scriptions  of  programs  for  future  rebroadcasting.  Each  lathe  is  rubber-mounted  on  a 

700-lb  block  of  concrete 


and  with  an  8-pole,  25-point  rota, 
switch  that  makes  a  selectio  i  of 
program  from  one  of  20  j.  ,s8i 
sources,  feeds  interlocked  atte 
voltage  to  the  studios  to  operat  *  tKei 
relays*  feeds  interlocked  battei  y  volt 
age  to  section  interlocking  -elajj 
and  feeds  automatic  program  cur 
to  the  studio  to  which  the  channel 
has  been  pre-set.  Each  channel 
a  volume  control  for  use  when  nw  rv 
sary  in  changing  the  input  leve 
from  a  program  line,  and  each  chan 
nel  has  a  volume  indicating  meter 
that  can  be  set  to  any  of  thret  line 
for  level  checking,  but  these  facili 
ties  are  primarily  for  checking  pur 
poses,  not  for  riding  gain. 

Also  on  the  master  control  desk  i 
a  separate  flash  channel,  so  arran^t;  ] 
that  it  can  connect  any  or  all  tvan?- 
mitters  instantly  to  one  of  the  two 
flash  studios  next  to  the  master  con¬ 
trol  room  without  disturbing  channel 
settings  at  the  master  control  desk. 
Normal  conditions  are  completely  re¬ 
stored  after  the  flash  announcement. 
It  should  be  pointed  out,  however, 
that  any  announcement  of  this  na¬ 
ture  must  first  be  cleared  through 
Washington  censorship,  and  hence 
does  not  correspond  to  the  flash  news 
announcements  of  broadcast  stations. 

A  monitor  panel  on  master  control 
serves  three  RCA  type  64B  loud¬ 
speakers  mounted  on  the  wall  fac¬ 
ing  the  control  operators.  Rotary 
switches  connect  two  of  the  loud¬ 
speakers  to  any  of  80  different  pro¬ 
gram  circuit  positions  in  the  build-  ] 
ing.  The  third  loudspeaker  is  con-  i 
nected  to  a  Strowger  dial  system 
that  provides  a  choice  of  100  differ¬ 
ent  program  circuits,  20  from  studios 
in  the  building,  20  from  receiving 
lines,  40  from  program  channels 
going  out  to  the  prime  and  secondarj* 

.  transmitters,  and  up  to  20. additional 
audition)  receiving  and  other  circuits. 

At  one  side  on  the  master  fiofftrol 
desk  is  complete  PBX  'telet)hone 
switchboard  for  the  cxm^ol  opera¬ 
tors,  permitting  quick*-  cSmmuSiica- 
tion  with  any  point  at  which  ^uble 
may  develop  in  the  vast  OWlibroad- 
casting  system.  This  is  handled  by 
the  transmission  operator,  who  also 
checks  levels  of  incoming  program 
channels,  checks  revering  equipment 
regularly,  and  keeps*  up  the  log  con¬ 
taining  data  on  master  control  set¬ 
ups  to  the  various  program  sources 
and  transmitters  at  each  piinute  of 
the  24-hour  operating  day. '  Two  op¬ 
erators  handle  ten  channels  each  at 


han  serves 
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B)  oi  th*  two  turntable  drowen  in  each  MemoTox  unit.  Switch- 
f  between  tumtoblee  is  automatic.  Each  turntable  con  emboss 
one-hour  pro9ram  on  one  side  of  its  flexible  plastic  disc, 
the  units  con  run  unattended  for  two  hours  at  a  time 


MemoTox  recorder  units,  one  oi  which  is  provided  for  each 
program  channel  on  the  master  control  desk,  to  obtain  a  reference 
recording  oi  every  program  put  on  the  air  by  OWI.  The  re¬ 
corders  start  up  automatically  whenever  a  channel  is  energised 


;e  control  desk,  and  an  additional 
an  serves  as^  control  room  super- 


Moster  Control  Room  Equipment 

.\long  the  walls  of  the  master  con¬ 
trol  room  are  18  racks,  containing 
approximately  8,000  jacks  for  patch 
cord  connections,  60  RCA  type  83D 
line  amplifiers,  80  RCA  type  85X 
isolation  amplifiers, 


four  Western 
Electric  type  1126  compressing  am¬ 
plifiers  to  reduce  level  peaks  that  are 
particularly  predominant  in  certain 
foreign-language  broadcasts,  four 
Western  Electric  type  118  monitor- 
in?  amplifiers, 


and  two  recording 
volume  indicators  with  associated 
amplifying  and  rectifying  equipment 
for  spot  monitoring  of  levels  to  check 
the  work  of  studio  operators  and  to 
place  any  desired  circuit  under  obser¬ 
vation. 

One  cabinet  contains  the  Strowger 
assembly  for  the  entire  system,  in¬ 
cluding  36  100-position  2-motion  re¬ 
lays  with  associated  control  relays 
for  the  36  Strowger  dial  stations 
placed  at  strategic  points  throughout 
the  building.  At  each  dial  station, 
the  program  at  any  of  100  different 
points  in  the  building  may  be  se¬ 
lected  and  fed  to  a  monitoring  loud¬ 
speaker. 

Each  of  the  censors  that  check  the 
programs  continually  in  the  building 
has  an  indicating  light  on  the  master 
control  desk  corresponding  to  the 
channel  he  is  checking.  When  this 
light  comes  on,  the  control  operator 
knows  that  the  censor  considers  a 


One  of  the  transcription  recording  rooms.  It  can  handle  three  transcribed  programs 
simultaneously  with  only  a  single  operator.  Electromagnetic  brakes  hold  each  tran¬ 
scription  stationary  with  the  pickup  in  the  selected  position,  with  the  turntable  rotating 
continuously  and  the  record  slipping,  so  the  operator  can  start  all  three  programs  at 
the  same  time  by  releasing  the  brakes 


program  objectionable,  and  takes  it  modified  for  master  control  inter- 

off  the  air  until  the  censor’s  light  locked  switching  and  with  the  num- 

goes  out  to  indicate  that  the  program  ber  of  channels  increased  from  five 

is  clear  again.  up  to  seven  to  permit  studio-to- 

All  in  all,  the  operators  at  the  studio  cross-feed  and  give  two  turn- 

master  control  desk  have  a  total  of  table  channels.  The  modified  ampli- 

over  1500  indicating  lamps  and  20  fier  therefore  has  five  lowMevel  chan- 

meters  to  watch  while  listening  to  nels  and  two-high-level  channels,  and 

three  loudspeakers  that  may  be  blar-  permits  a  choice  of  three  cross-feed 

ing  forth  in  three  different  Ian-  channels  when  programs  from  more 

guages  simultaneously.  than  one  studio  are  to  be  mixed 

together  on  a  single  program.  The 
Studio  Facilities  ^  t 

control  room  amplifiers  have  com- 

Each  of  the  16  new  OWI  studios  piete  test  channels,  permitting  cue 

in  the  building  has  its  own  control  testing  of  other  channels  while  one 

room,  containing  a  Western  Elec-  channel  of  the  amplifier  is  on  the  air. 

trie  type  23C  program  amplifier  (Continued  on  page  301) 
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The  operating  mechanism  of  an 
antenna  and  its  distant  field  fur¬ 
nish  two  more  or  less  distinct  topics 
for  study.  In  order  to  investigate  the 
distant  field  patterns  of  antennas, 
one  should  be  in  the  radiation  zone 
(several  wavelengths  away)  with  the 
receiving  unit  A  wavelength  of  10 
cm  is  therefore  used  to  permit  the 
measurements  to  be  taken  in  labora¬ 
tory  and  lecture  rooms  of  normal 
size.  Pipes  and  other  large  metal  ob¬ 
jects  along  the  walls  of  the  rooms 
give  very  little  interference  at  this 
wavelength. 

On  the  other  hand,  investigation  of 
the  current  distribution  along  an 
antenna  and  associated  feeders  is 


By  D.  D.  KING 

Cruft  Laboratory 
Harvard  Univeroity, 

Cambridge,  Mate. 

more  feasible  at  the  longer  wave¬ 
length  of  say  one  meter.  It  may 
well  be  worthwhile  to  duplicate  the 
same  antenna  system  for  the  two  ap¬ 
plications. 

Rteeiving  Antenna  Frame 

The  universal  holding  frames  of 
Figs.  10  and  11  are  designed  for  use 
at  a  wavelength  of  10  cm.  Two  sup- 


Editor's  note :  Part  I  of  this  article, 
dealing  with  transmission  lines  and  wave 
guides,  appeared  in  the  Sept.  1948  Issue  of 
El.KCTROXirS. 


The  trai 
IS  of  simil 

port  posts  and  scales  are  mounted  rni  feeder  is  a 
each  frame.  Vertical  and  horizonta  plate  of  i 
field  patterns  may  be  taken  by  insert  brass  dish 
ing  one  or  the  other  of  the  two  pust:  to  prevent 
in  the  base.  The  transmitting  ar  t  flowing  oi 
receiving  assemblies  are  arranged  to  Further  i 
slide  along  a  common  track  to  give  be  made 
accurate  alignment  and  separatior  ;  stub  is  p 
The  receiving  frame  (Fig.  10)  the  top  o1 
contains  a  section  of  parallel  line  a-  to  take  tl 
the  bottom  of  which  the  mici  ■ 'nr.-  Aside  i 
meter  leads  are  attached.  The  cry-  may  be 
tal  holder  and  shorting  capacitor  parasites 
may  be  moved  along  the  line  t-  anumbei 
match  the  load.  The  top  is  threader  construd 
to  take  the  desired  fixed  or  adjust-  two-elem 
able  antenna  rods.  In  the  illustratior  double  e: 
a  polystyrene  block  has  been  fitted  arrangir 
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FIG.  10 — Bokalit*  from*  ior  rocelTing 
antonna  with  racaiylng  dipol*  and  r*- 
fUclon  moontod.  Protractors  indicate 
onglos  ol  oriontotion  of  antennas 


FIG.  11 — Frame  for  transmitting  an¬ 
tenna  with  two-element  coUineor  double 
end-fire  array  in  position.  Note  sliding 
stub  between  antenna  and  base  plate 
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FIG.  12 — ReceiTing  antenna  with  mov¬ 
able  director  and  reflector.  The  oa- 
tenno  moy  be  mounted  horisonlally,  u 
shown  in  this  photo,  or  Tertically 
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ate  the  crossover  gives  the  same 
type  broadside  array.  Multi-element 
collinear,  single  end-fire,  ^apd  other 
arrays,  as  well  as  loops  "and  para¬ 
bolic  reflectors  may  be  mounted  in 
the  frame.  The  lengths  of  the  driven 
units  are  critical  in  these  arrays  and 
must  be  calculated  in  advance  for 
good  performance.* 

An  alternative  design  for  the 
mounting  frame  is  shown  in  Fig.  12. 
The  single  director  and  reflector  may 
be  moved  more  readily  and  are 
equipped  with  scales  to  locate  their 
positions  at  each  setting.  The  usual 
crystal  and  capacitor  are  mounted  on 
the  supporting  line  of  the  central 
(receiving)  antenna. 

Parabolic  Rollocters 

Paraboloidal  reflectors  such  as 
jljggl^inised  in  microwave  transmission 
across  the ’Enj^tlffi’ Channel  some  ten 
years  ago  have  also  been  used  with 
success  at  the  10-cm  wavelength. 
The  spun  aluminum  units  in  Fig.  12 


FIG.  13 — Paraboloidal  reflectora  of  tpun  alummum.  RocoiTing  unit,  at  loft,  has 
crystal  and  capacitor  ot  oxtrome  loft.  Coaxial  lino  mounting  disk  is  shown  at 
Mtrsmo  right  of  transmitting  unit.  Both  antonnas  uso  rofloctor  olomonts  to  oliminato 
forword  radiotion  diroctly  from  tho  ontonna,  so  all  radiation  will  bo  from  rofloctors 


I  rector  in  place ;  a  few  reflector 
frames,  one  with  its  reflector  ele- 
merit,  are  pushed  back  to  minimize 
their  effect. 

TraosmittiRg  ARtonna  Promos 

The  transmitting  frame  in  Fig.  1 1 
is  of  similar  construction.  A  coaxial 
feeder  is  attached  to  the  circular  base 
plate  of  the  parallel  section.  This 
brass  disk  acts  as  a  detuning  device 
to  prevent  unbalanced  currents  from 
flowing  on  the  outside  of  the  feeder. 
Further  mention  of  this  effect  will 
be  made  later.  A  sliding  adjustable 
stub  is  provided  for  matching,  and 
the  top  of  the  line  is  again  threaded 
to  take  the  antenna  rods. 

Aside  from  simple  antennas  which 
may  be  mounted  with  or  without 


FIG.  14 — Throo-olomont  broadsido  ontonna  array.  Antonna  longth  can  bo  adjustod 
by  toloscoping  brass  tubo  soctions  of  which  antonnas  aro  mado.  Propor  phoso 
rotations  aro  obtoinod  by  transposod  foodor 


FIG.  15 — Throe-olemenI  collinoar  ontonna  array,  showing  two  typos  of  phoso 

roTorslng  doTicos 
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stubs  for  accurate  matching  of  th, 
load  to  the  generator,  which  i  essen 
tial  for  adequate  power  tran  fer.  i 
three-element  broadside  arr;  /  wifj 
transposed  feeder  to  give  prop; 
phase  relations  is  illustrated  a  Fi» 
14 ;  the  antennas  are  adjust  ible  h 
length. 

A  three-element  collinear  a;  ray  i; 
Fig.  15  is  connected  unsymme.  i : 
>4<fJ8how  two  phase-reversing  devices 
t  In’*  practice  only  OAe.  tsrpe  would  b 
*  use^' Jjhe  left  side  uses  a  q  larter- 
wave  closjuti^to^'  right-hand  one 
a  coaxial  Not^the  movable 

matching  stub  at  the  top  of  t'ne  ccn- 
ter  feeder  for  properly  terminating 
the  line.  In  this  case  the  line  is  sfi 
short  that  only  one  matching  device 
is  required,  but  both  units  are  kept 
in  the  circuit  to  show  their  use  in 
long  lines  where  they  are  needed. 

A  coaxial  version  is  shown  in  Fig. 
16.  With  the  open  ends  of  the  re¬ 
versing  sleeves  facing  down,  the  unit 
is  a  two-element  collinear  array; 
mounting  the  bottom  sleeve  with 
open  end  up  gives  a  center  fed  an- 
.  tenna  with  a  detuning  section  for 
the’  outer  surface  of  the  feeder. 


FIG.  16 — ^ThrM-«l»m*nt  collinear  ontea^o  with  coaxial  ieed 


FIG.  17 — Coupled  antenna  constructed  from  some  elements  used  to  build  up  ontenno 
of  Fig.  IS.  The  hoU-wore  section  resonates  os  a  whole 


FIG.  18 — Coupled  antenna,  with  open  quarter-ware  stub  at  left  and  closed  stub  at 

right  for  detuning 
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jjplied.  In  general,  a  probe  antenna 
ritb  crystal  and  microammeter  is  to 
^  preferred  both  for  tuning  the  sys- 
ein  and  to  demonstrate  current  dis- 
ributions.  A  more  detailed  discus- 
ion  of  the  principles  of  coupled  an- 
^nnas  of  this  type  has  been  pub- 
,hed  elsewhere.* 

All  but  one  of  the  antennas  dis- 
yised  were  of  the  symmetrical  cen- 
r-driven  type  which  lends  itself  to 
irallel  line  feeding.  Coupling  to 
ich  a  load  with  a  coaxial  line  which 
j  itself  not  symmetrical  may  cause 
nsiderable  difficulties.  In  order  to 
revent  the  outside  surface  of  the 
e  from  carrying  unbalanced  cur- 
t^nts,  detuning  sleeves  must  be  used 


FIG.  20 — Microwore  oscillator  emploving  single  acorn  tube  and 
double  coaxial  tuning  elements 
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FIG.  19 — Two-tube  parallel-line  oscillator  lor  microwaves 
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FIG.  21 — Rear  view 
of  rack  and  panel 
mounted  klystron 
oscillator 


A.C.  INPUT 
RECEPTACLE 


shown  in  Fig.  19  and  Fig.  20.  THg 
two-tube  model  in  Fig.  19  uses  a 
flexible  parallel  line  feeder.  A  vari¬ 
able  coupling  unit  in  the  foreground 
is  connected  to  this  feeder  through 
(Continued  on  page  180) 
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ELECTRONIC  APPLICATIONS 

A  New  Curriculum 


Industrial  electronic  applications  emphasized  in  new  option  for  electrical  engineerinjL  stu¬ 
dents.  Courses  in  electronic  control  and  measurement  and  in  electrical  implementation  fit 
sstudents  for  broad  gauge  design  and  engineering  positions  in  rapidly  expanding  field 
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By  T.  S.  BRAY  aid  R.  H.  FRAZIER 

heiiartment  of  Electrical  Engineering 
Mamtachueette  Jnetitute  of  Technology 
Cnmhriftgc,  Ma^n. 


Developments  in  recent 

years  show  a  slow  but  steady 
growth  in  the  range  of  electrical 
engineering,  a  growth  which  lies 
squarely  in  neither  of  its  traditional 
divisions,  power  and  communica 
tions,  yet  overlaps  both  of  them  to 
some  extent.  The  economic  value  of 
the  power  utilized  by  this  growth  is 
in  most  instances,  of  minor  impor 
tance  to  the  user,  and  the  communi 
cation  of  intelligence  is  usually  not 
an  objective.  The  new  field  has  wider 
scope  perhaps  than  either  of  the  tra 
ditional  divisions,  for  it  covers  elec 
trical  utilization  in  the  home,  office 
plant,  laboratory  and  farm,  and  in 
many  modes  of  transportation. 

Since  in  such  utilization  a  marked 
trend  at  present  is  toward  increased 
iKse  of  electronic  equipment,  the 
name  electronic  applications  is  u.sed 
hereafter  to  describe  the  field.  Ac 
tually  the  term  electronic  is  too  nar 
row,  for  the  field  includes  electrical 
methods  of  measurement,  control  and 
implementation  in  all  types  of  Indus 
try  and  engineering.  It  covers  the 
full  range  of  frequencies  from  direct 
current  to  radio  frequencies,  and  the 
full  range  of  power  from  the  frac 
tion  of  a  microwatt  available  from 
a  phototube  or  thermocouple  to  the 
hundreds  of  kilow’atts  used  in  in¬ 
duction  heating.  Instead  of  the  prob¬ 
lem  of  the  alternator  in  power  engi¬ 
neering,  electronic  applications  has. 
for  example,  the  problem  of  a  vibra- 
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Highlights  of  Engineering  Course  on  Electronics 

1  .  The  Electronics  Option,  a  new  curriculum  in  electriccd  engi¬ 
neering,  provides  instruction  in  a  field  of  electriccd  methods  of 
measurement,  control,  and  implementation  not  now  covered  by 
conventional  power  or  communication  curricula,  but  which  to 
some  extent  overlaps  the  fields  of  both  these  older  curricula. 


2  ■  ‘^Ee  cultured,  basic  science,  and  medn-stem  engineering  sub- 
iects  ore  identiced  with  the  two  curricula  which  the  new  option 
bridges,  but  the  special  professional  subjects  use  illustrative 
material  that  is  in  the  special  field  of  electronics. 


3  a  The  Electronics  Option  culminates  in  two  special  subjects: 
(A)  electronic  control  and  measurement,  which  covers  the  more 
important  functional  methods  whereby  electronic  devices  ore 
used  in  control  and  measurement  applications,  and  (B)  electrical 
implementation,  in  which  the  overall  behavior  of  systems  involv¬ 
ing  control  and  measurement  devices  ore  analyzed,  largely  by 
the  method  of  electric-circuit  analogy  and  models. 


4  a  Laboratory  work  as  weU  os  analytical  study  is  carried  on  in 
association .  with  those  special  subjects  in  which  commercial 
apparatus  is  utilized  liberally,  but  always  for  the  purpose  of 
illustration  of  principles  rather  than  the  study  of  detoils  of  con¬ 
struction  or  performance. 


Electrical  Engineering 
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FIG.  1 — OuOin*  of  lom*  iundional  elements  in  a  lew  typical  industrial  electronic  applications 


•  Thp  illiiminntion  option  has  be«‘ii  discoii 
timuvl  for  the  tluration  of  the  war. 
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Fig.  2— This  Lvads 
and  Northrup  re¬ 
cording  potentio¬ 
meter  illustrates  an 
important  applica¬ 
tion  oi  electronics 
to  the  iield  oi  indus¬ 
trial  electronics 


dynamics  emphasizes  the  kitit' 
theory  of  gases,  with  applications  to 
gaseous  conduction,  thermionic  erni^ 
sion,  photoelectric  effect,  e'.ectror 
optics,  radioactivity,  and  nuclei 
structure;  it  includes  no  add.tiorm 
study  of  alternating-current  n  achi.> 
ery,  but  includes  instead  additional 
study  of  electric  circuits,  transform- 
ers,  and  electron-tube  applications 
that  is,  corrective  networks,  tilters 
and  other  coupling  networks,  vac¬ 
uum-tube  rectifiers,  amplifiers,  oscil¬ 
lators,  modulators  and  demodulators 


on  commc 
Attemp 


which  wo 


of  data  1 


needs.  < 


chanics  (statics,  kinematics,  dyna¬ 
mics,  strength  of  materials),  English 
and  history,  economic  principles,  mil¬ 
itary  science,  and  physical  training. 
During  the  last  two  and  one-half 
yeafs  the  three  options  have  the  same 
main  stem  of  electrical  subjects: 
steadj'-state  and  transient  analysis  of 
direct-  and  alternating-current  cir¬ 
cuits;  magnetic  circuits  and  trans¬ 
formers;  applied  electronics;  direct- 
and  alternating-current  machinery; 
and  associated  laboratory  work  with 
each  of  these  subjects.  A  thread  of 
subjects  of  a  cultural  nature,  called 
general  studies  also  continues 
through  this  period.  These  general 
studies  may  be  selected  by  the  stu¬ 
dents  from  many  such  subjects  of¬ 
fered.  Ordinarily,  students  are  not 
permitted  to  make  substitutions 
among  the  basic  and  main-stem  stud¬ 
ies.  This  summary  of  the  common 
gfound  of  the  curricula  of  the  three 
options  serves  as  a  background  for 
pointing  out  their  special  elements, 
all  of  which  are  in  the  last  two  years. 

The  power  option  includes  addi¬ 
tional  study  of  dynamics,  with  em¬ 
phasis  on  application  to  rotating  and 
reciprocating  machinery  of  electro¬ 
mechanical  construction;  hydraulics, 
including  hydraulic  turbines  and 
pumps,  with  emphasis  upon  flow  of 
water  through  orifices,  nozzles,  weirs. 


Doors  jand  sash  panes 


Air  leakage 


FIG.  3 — Electric-circuit  Tiew  of  a  house.  The  current  source  it  represents  the 
heat  supply  to  the  house  through  ducts;  the  current  source.  It  represents  the  heat 
supplied  in  the  cellor  by  thermal  losses.  These  current  sources  can  be  realised 
by  the  use  oi  high  vacuum  pentodes.  The  series  R-C  combinations  beside  these 
sources  represent,  respectively,  the  contents  and  interior  structure  of  the  upper 
floors  and  cellar.  The  voltage  source,  e.  represents  the  outside  temperature. 
This  diagram  is  an  example  of  the  use  oi  electrical  methods  for  studying  a  wide 
variety  of  problems  which  originate  in  other  fields 


pipes,  and  open  channels ;  thermo¬ 
dynamics,  with  emphasis  upon  ap- 
plicktions  to  steam  engines  and  tur¬ 
bines,  power-plant  cycles,  air  com¬ 
pressors,  and  internal  combustion 
engines ;  additional  study  of  alternat¬ 
ing-current  machinery;  and  electric 
power  transmission  and  distribution. 
All  of  these  studies  have  associated 
with  them  appropriate  laboratory 
work.  Finally  the  option  provides  for 
certain  elective  subjects  in  the  pro¬ 
fessional  field,  called  professional 
electives,  and  a  thesis,  mentioned 
subsequently. 

The  colflmunications  option  in¬ 
cludes  instead  of  the  additional  dyna¬ 
mics  of  the  power  option,  the  study 
of  vibrations  and  sound;  it  includes 
no  hydraulics;  its  study  of  thermo¬ 


photoelectric  devices  and  associated 
laboratory  work;  transmission  lines 
for  communications  purposes,  elec¬ 
tromagnetic  radiation  and  propaga¬ 
tion.  This  option  also  provides  for 
professional  electives  and  a  thesis. 

Scope  of  Eloctronies  Option 

The  electronic-applications  option 
includes  the  dynamics  of  the  power 
option  and  the  thermodynamics  of  the 
communications  option;  instead  of 
the  hydraulics  of  the  power  option 
it  includes  study  of  fluid  mechanics, 
which  does  not  emphasize  water  as  a 
medium,  but  treats  more  generally 
the  physical  properties  of  fluids,  with 
application  to  various  hydraulic  ap¬ 
paratus;  instead  of  additional  study 
(Co7ithiued  on  page  304) 
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graphic  Solution  of  Design  Problems 

nvolving  SENSITIVE  RELAYS 


By  R.  T.  FISHER 

Chief  Enffinecr 
Sigma  JnttrumentH,  Inr. 
JioHton,  Mohh. 


The  war  has  greatly  increased 
the  demand  for  sensitive  relays 
and  has,  at  the  same  time,  compli¬ 
cated  the  problem  of  design.  Users 
and  designers  of  such  relays  have 
frequently  found  it  difficult  to  meet 
on  common  ground. 

Attempts  on  the  part  of  the  user 
to  state  a  relay  problem  in  terms 
which  would  permit  the  designer  to 
produce  a  satisfactory  unit  for  a 
special  application  have  not  met  with 
universal  success.  For  reasons  of 
military  security  it  has  often  been 
considered  desirable  to  hold  back 
certain  application  details  when  pre¬ 
paring  relay  specifications.  In  other 
instances  there  has  been  a  wide  di¬ 
vergence  of  opinion  between  users 
and  designers  as  to  the  completeness 
of  data  required. 

The  relay  user  may  certainly  be 
excused  for  not  always  realizing  pre¬ 
cisely  what  details  a  relay  designer 
needs.  On  the  other  hand,  the  relay 
designer  may  similarly  be  excused 
for  failing  to  request  additional  data 
concerning  applications  where  he 
would  have  to  be  psychic  even  to 
know  that  specifications  were  incom¬ 
plete.  In  many  cases,  however,  the 
resulting  dilemma  has  been  resolved 
only  after  the  production  of  a  con¬ 
siderable  number  of  unsatisfactory 
relays  or,  in  the  case  of  research 
projects,  after  much  time  has  been 
wasted  in  blind  alleys. 

A  method  of  presenting  relay  per¬ 
formance  data  in  a  form  useful  to 
user.s  and  to  designers  has  been 
evolved  which  might  go  far  to  cor¬ 
rect  these  difficulties.  A  complete 
description  of  the  proposed  graphical 
method  of  data  presentation  follows. 

Fundamentally,  a  relay  is  a  re¬ 
motely  controlled  switch.  As  a 


trical  conductors  and  open  contacts 
as  electrical  insulators.  (Under  some 
conditions,  speed  of  break  or  make 
and  frequency  of  operation  are  im¬ 
portant  factors  in  switch  perform¬ 
ance.  These  factors  are  not  consid¬ 
ered  here  but  static  requirements 
must  be  met  in  any  case  as  a  prereq¬ 
uisite  to  successful  solution  of  any 
further  problems  that  may  arise.) 

It  is  not  difficult  to  present  tabu¬ 
lated  data  indicating  conservative 
minimum  values  of  contact  pressure 


switch,  its  purpose  is  to  open  and 
close  contacts  as  dictated  by  the  con¬ 
trolling  electric  circuit. 

Most  attributes  of  switch  per¬ 
formance,  other  than  matters  con¬ 
trolled  by  choice  of  contact  materials 
and  arc  suppression  methods,  can  be 
directly  related  to  motion  and  force. 
More  specifically,  with  any  given  de¬ 
sign  of  magnetically  operated  switch, 
performance  is  governed  by  contact 
pressure*  on  the  one  hand  and  con¬ 
tact  separation  on  the  other. 

Fvndamcntal  Assumptions 

This  statement  assumes  static,  or 
relatively  static,  electrical  conditions. 
It  considers  closed  contacts  as  elec- 


*  As  iistMl.  the  term  “contact  pressure’’ 
does  not  involve  the  usual  concept  of  unit 
area.  It  is  used,  rather  than  the  term  “con- 
t.ict  force”,  to  distinguish  it  from  magnetic 
force,  which  does  not  Involve  physical 
contact. 
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FIG.  1 — Type  oi  relay  to  which  this  article 
and  the  curres  in  Fig.  2  apply 
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FIG.  2 — Heavy  line*  tuperpoMd  on  this  iomily  oi  cunros  ior  a  Sigma  typo  4  oenoi- 
tive  relay  are  used  to  analyse  the  relay  operation  cycle,  os  explained  in  the  text 
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ELECTRONIC  CONTROL 

of  D-C  Motors . Part  V 


Final  installment  of  this  series  on  tube-controlled  d-c  motors,  completing  the  subject  of 
regeneration  by  inverter  action  and  treating  methods  of  stopping  and  control  equipment 


lems  of  inversion;  holding  the  cur¬ 
rent  off  after  it  has  been  stopped  is 
another. 

Commutation  During  Invortion 

In  D  of  Fig.  2  is  shown  a  condition 
of  continuous  armature  current  such 
as  may  readily  exist  under  overload 
conditions  when  the  inherent  induc¬ 
tance  of  the  armature  circuit  is  suffi¬ 
cient  to  widen  out  the  conducting 
period  of  each  tube  so  that  successive 
periods,  in  effect,  overlap.  That  is, 
tube  conduction  is  continuous 
throughout  the  interval  when  the 
negative  value  of  alternating  poten¬ 
tial  exceeds  the  d-c  value,  so  that  the 
difference  of  these  voltages  alone  is 
insufficient  to  extinguish  the  tube 
current.  Now’,  at  the  time  when  one 
tube  should  cease  conduction,  its  cur¬ 
rent  is  not  zero,  yet  the  current  of 
the  incoming  tube  must  start  from 
zero ;  hence,  the  one  tube  must  trans¬ 
fer  to  the  other  a  certain  amount  of 
current.  The  circuit  inductance  op¬ 
poses  any  abrupt  changes  in  current 
so  that  the  current  through  the  out-^ 
going  tube  must  be  forced  to  zero  by 
firing  the  incoming  tube  as  a  recti¬ 
fier  at  such  a  time  as  to  cause  an  a-c 
short-circuit  current  to  tend  to  flow 
around  the  local  a-c  circuit  compris¬ 
ing  the  whole  transformer  winding 
and  the  two  thyratrons,  and  to  tend 
to  flow  in  a  reverse  direction  through 
the  outgoing  thyratron.  This  form  of 
commutation  may  be  thought  of  as  a 
process  whereby — for  the  brief  inter¬ 
val  when  the  two  thyratrons  are  sim¬ 
ultaneously  conducting  and  the 
transformer  is,  in  effect,  short-cir- 


WHEN  THE  LOAD  current  during 
inversion  in  a  thyratron  circuit 
is  a  series  of  discontinuous  pulses, 
with  the  anode  current  through  each 
thyratron  being  a  separate  pulse  that 
dies  out  before  the  next  tube  fires,  grams  El  and  FI  of  Fig.  1  are 
there  is  no  particular  problem  to  in-  intended  to  show  the  effect  of  an 
version.  In  this  instance,  the  cur-  increase  in  motor  emf  upon  the  tend- 
rent  through  the  outgoing  thyratron  ency  of  the  circuit  inductance  to  pro- 
is  extinguished  because  the  direct  long  current  flow’  into  the  region 
voltage  generated  by  the  motor  is  where  the  negative  alternating  po- 
less  than  the  instantaneous  values  of  tential  is  greater  than  the  direct  po- 
the  negative  alternating  voltage  of  tential  of  the  motor.  In  FI  of  Fig.  1 
the  transformer  and  because  the  cir-  there  is  yet  some  margin  of  safety 
cuit  inductance  is  insufficient  to  before  the  current  will  exist  through- 
maintain  the  current  flow  against  the  out  the  complete  area  and  before  con- 
then  greater  negative  alternating  po-  duction  will  be  carried  over  into  the 
tential.  In  this  way,  the  net  tube  region  where  the  going-positive  al- 
voltage  ultimately  becomes  negative  ternating  potential  will  maintain 
and  current  ceases.  In  Fig.  1,  the  current  flow  into  the  succeeding  half 
current  and  voltage  relations  exist-  cycle  of  rectification.  Preventing  con¬ 
ing  during  inversion  are  compared  duction  from  continuing  into  the 
with  those  for  rectification.  Dia-  positive  half  cycle  is  one  of  the  prob- 
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FIG.  1 — Elf»ct  of  iirinq  point  and  counter  electromotiTO  force  on  magnitude  of  anode  circuit  for  rectificertion  and  inTenion 


the  a-c  short-circuit  current  is  “rid-  t 
ing  backwards”  on  the  normal  load  > 
current  which  is  keeping  the  outgo-  t 
ing  tube  conductive.  ( 

This  commutating  period  is  show’n  1 
in  diagram  E  of  Fig.  2,  where  the  1 
counter  voltage  of  the  inverter  is  i 
temporarily  at  zero  and  the  differ-  ( 
ence  in  voltage  between  it  and  the 
motor  emf  is  temporarily  absorbed 
by  the  armature  inductance  and  re-  i 
sistance.  At  the  instant  the  circulat¬ 
ing  current  and  the  load  current  are 
equal,  the  net  tube  current  is  zero¬ 
going-negative  and  the  valve  action 
of  the  tube  prevents  its  current  from 
reversing;  thus,  the  current  merely 
becomes  zero  where  the  negative  grid 
must  maintain  it  at  zero  by  prevent¬ 
ing  firing  until  the  correct  firing 
point  is  again  reached. 

Firing  Points  in  Inversion 

The  firing  point  of  the  incoming 
thyratron  must  be  sufficiently  ahead 
of  the  zero-going-negative  point  of 
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the  a-c  wave  so  that  the  alternating 
voltage  difference  between  the  two 
tubes  can  cause  an  ^-c  short-cir¬ 
cuit  current  of  such  magnitude  (it  is 
limited  mainly  by  the  leakage  reac¬ 
tance  of  the  anode  transformer)  that 
in  the  very  few  electrical  degrees 
during  which  the  armature  current 
must  be  transferred  from  the  one 
tube  to  the  other,  this  commutating 
current  will  build  up  to  a  value  equal 
and  opposite  to  the  armature  cur¬ 
rent  in  the  outgoing  tube  and  will 
force  the  current  to  zero  in  this  tube. 
Furthermore,  the  current  must  be 
forced  to  zero  at  a  time  when  the  net 
anode  voltage  on  the  outgoing  tube 
will  be  negative  and  will  stay  nega¬ 
tive  long  enough  for  the  negative 
grid  to  regain  control  and  prevent 
reconduction. 

During  rectification,  as  shown  in 
A,  B,  and  C  of  Fig.  2,  there  is  no 
problem  in  keeping  the  current  from 
re-establishing  itself  in  the  outgoing 
tube  because  its  anode  voltage  is  be¬ 


coming  increasingly  negative.  But, 
during  inversion,  the  anode  voltage 
is  becoming  decreasingly  negative 
and  actually  tends  ultimately  to  be¬ 
come  positive  so  that  a  region  is 
reached  w’here,  due  to  a  condition  of 
positive  anode  voltage,  a  negative 
grid  potential  is  necessary  to  prevent 
conduction. 

The  firing  point  of  the  incoming 
tube  (diagram  F  of  Fig.  2)  has  been 
advanced  so  far  toward  the  rectifier 
zone  that,  for  an  appreciable  time 
after  commutation,  the  anode  voltage 
of  the  outgoing  tube  is  negative  to 
such  an  extent  that  there  is  ample 
time  for  the  negative  grid  to  regain 
control.  But,  it  should  be  evident 
that  in  a  region  somewhere  near,  and 
ahead  of,  the  crossing  point  of  the 
a-c  waves  this  helpful  negative  anode 
voltage  does  not  exist  sufficiently 
long  to  allow  the  tube  to  deionize  and 
its  grid  to  regain  control,  and  hence, 
inversion  fails. 

For  successful  inversion  of  con- 
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FIG.  1 — Comparison  of  commutation  during  rectification  and  inTersion 


tinuous  current,  the  firing  point  of 
the  incoming  thyratron  will  have  to 
be  advanced  toward  the  region  of 
rectification  if  the  load  current,  and 
therefore  the  current  to  be  commu¬ 
tated,  is  increased.  Phase  advancing 
toward  the  rectifier  region  has  the 
effect  of  reducing  the  counter  voltage 
of  inverter  action.  This  counter  volt¬ 
age  opposes  the  armature  generated  adjustable.  The  generated  voltage  of  approximately  rated  armature  volt- 
voltage  to  limit  the  very  armature  the  motor  is  a  function  of  motor 
current  which  is  being  commutated,  speed  and  field  excitation.  The 
Hence,  there  is  a  definite  relation  be-  counter  voltage  of  the  inverter  is 
tween  that  value  of  armature  current  determined  by  the  firing  point  of  the 
which  is  to  be  commutated,  the  armature  thyratrons. 
counter  voltage  of  the  inverter  cor-  Under  certain  limited  conditions 
responding  to  successful  commuta-  of  reversing  operation,  the  armature 
tion,  and  the  generated  voltage  of  the  preconditioning  control  and  the  ar- 
motor  which  is  the  source  of  current,  mature  current-limit  control  will  also 

function  to  maintain  a  constant  cur- 

Armatar*  Carrant  Limit  aad  Ceatrol  rent-limit  value  of  armature  current 
Dariag  lavarsiea  ... 

during  the  inversion  period  of  regen- 

During  the  inversion  period,  the  erative  deceleration.  This  applies 
armature  current  corresponding  to  a  particularly  to  motors  having  good 
given  circuit  resistance  is  determined  commutating  ability,  operated  with 
by  a  net  voltage  which  is  the  differ-  a  very  limited  degree  of  field  weak- 
ence  between  the  generated  voltage  ening,  and  driving  a  low-inertia  load, 
of  the  motor  and  the  average  nega-  It  should  be  noted  that,  while  the 


nverter.  armature  preconditioning  cii.  ;; 
lie  mag-  tends  to  control  the  thyratron  outpr, 
during  to  a  relatively  low  voltage  as  a  ;  •  c  :- 
^  gener-  fier  under  open-circuit  armature  cor- 
(2)  the  ditions,  the  firing  point  correspond- 
er,  if  it  ing  to  this  low  direct  potential  hap- 
imped-  pens  to  be  in  the  region  of  correct 
le  alter-  firing  for  successful  inversion  of' 


Motor  Rovoriing  During  invtrtion  | 

Since  armature  current,  inverter 
counter  voltage,  and  motor  voltage 
have  to  be  co-ordinated  for  success¬ 
ful  inversion,  it  is  essential  that  the 
control  shown  in  Fig.  3,  used  to  rap¬ 
idly  reverse  a  motor  coupled  to  a 
high-inertia  load  and  operating  from 
a  field-weakened  condition,  should 


FIG.  3 — ^Domontory  dreuit  diogroni  oi 
comploto  roTordng  drivo  for  Thy-mo-lrel 
control 
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current-limit  value  of  armature  cur¬ 
rent.  Then,  as  deceleration  begins 
and  after  full-field  is  reached,  the 
motor  voltage  decreases  and  the  ar¬ 
mature  current  reduces.  This  allows 
tube  E  to  ease  up  on  its  restraint  of 
tube  D,  which  phase-advances  the  fir¬ 
ing  point  toward  the  rectifier  zone 
and  thus  decreases  the  inverter 
counter  voltage. 

When  the  point  is  reached  at 
which  the  inverter  voltage  is  zero, 
further  phase  advancing  will  cause 
the  tubes  to  begin  to  act  as  rectifiers 
whose  output  voltage  increases  as 
the  firing  point  continues  to  be  ad¬ 
vanced  toward  the  beginning  of  the 
positive  half  cycle  of  anode  voltage. 
The  changeover  from  inversion  to 
rectification  reverses  the  polarity  of 
the  tube  circuit  so  that  now,  acting 
as  a  rectifier,  the  cathode  terminal 
of  the  tubes  is  positive  in  the  sense 
of  being  a  generator  and  tends  to 
force  a  current  flow  against  the  ar¬ 
mature  potential.  The  motor  poten¬ 
tial  will  be  required  to  reverse  to 
counter  the  rectifier  voltage,  hence 
the  direction  of  rotation  of  the  motor 
must  reverse  to  generate  this  re¬ 
versed  potential.  The  motor  then  ac¬ 
celerates  in  this  opposite  direction 
of  rotation,  under  conditions  of  ar¬ 
mature  current-limit  control,  until 
preset  speed  is  reached. 

Regenerative  Braking  to  a  Stop 


FIG.  S — ^Interior  of  reverting  panel  for  armature  and  field  control 


. 'iiditioning  respond  rapidly  and 
ir  ieh  its  preset  operating  level  as 
quickly  as  possible  because  this  ac- 
Mon  presets  the  initial  firing  point 
f  the  thyratrons  as  inverters  to  cor- 
if-ptiad  to  the  armature  voltage 
which  is  being  regulated  by  the  neg- 
iitive  voltage-limiting  tube  (HH). 

Auxiliary  relay  CR,  is  necessary  to 
give  added  time  delay  to  the  revers¬ 
ing  operation  of  the  reversing  con¬ 
tactors  while  the  preconditioning  cir¬ 
cuits  establish  themselves.  Only  two 
cycles  are  required  for  the  reversing 
contactors  to  operate  whereas  four 
to  six  cycles  are  required  for  the 
armature  preconditioning  circuit. 

Transition  from  Dncnieration  to 
Accaleration 

After  the  reversing  contactors 
,  have  operated,  the  open-circuit  ar- 
I  mature  voltage  preconditioning  cir¬ 
cuit  will  have  been  disconnected  from 
tube  E.  This  will  allow  tube  E  to  per¬ 


form  its  normal  function  of  regulat¬ 
ing  the  firing  point  of  the  armature 
thyratrons  to  maintain  a  pre-selected 


The  reversing  circuits  may  also  be 
used  to  provide  a  fast  and  smooth 
stopping  sequence  for  the  motor.  All 
that  it  necessary  is  to  provide  two 
more  relays  in  the  relaying  system 
which  will  signal  for  zero  speed  in 
{Continued  on  page  312) 


FIG.  6 — Thy-mo-trol  tube  control  panel,  for  d-c  motor  control.  The  panel 
is  approximately  8  in.  high,  14  in.  wide  and  6  in.  deep,  and  weight  10  lb 
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perform  the  following  functions :  * 

(1)  Regulate  the  initial  and  sub- 

sequent  armature  voltage  of  the  mo- 
tor  at  a  preset  value,  say  approxi- 
mately  rated  voltage,  by  control  of 
the  rate  of  increase  of  held  excitation 
as  a  function  of  negative  armature 
voltage  in  the  sense  that 

the  voltage  rectification  and  for- 
ward  rotation  is  positive  with  respect 
to  control  bus  7).  This  assures  that 
the  motor  voltage  will  be  within  the 
range  of  counter  voltage  which  the 
inverter  will  develop.  Tube  HH  in 
Fig.  3  performs  this  function. 

(2)  Precondition  the  inverter  E .  f'- 

counter  voltage  to  match  the  regu-  K; 

lated  motor  voltage.  This  limits  the  £ 

initial  armature  current  to  a  value  I 

which  may  be  commutated  success-  f! 

fully  by  both  motor  and  inverter.  } 

This  is  also  a  level  of  current  from  ^ 

which  the  normal  armature  current-  ^  jp 

limit  circuit  can  take  over  control.  ,k 

The  normal  preconditioning  circuit, 

plus  the  additional  refinement  of 

tube  FF  and  relay  CRi  in  Fig.  3  per- 

form  this 

(3)  Reduce  counter 

voltage  by  grid  phase  to 

match  the  decreasing  motor  voltage 
(due  decrease  accom- 

deceleration).  This  main- 
approximately  constant  arma- 
ture  current  throughout  deceleration 
and  on  into  the  region  of  accelera¬ 
tion  in  the  reverse  direction.  The 
normal  armature  current-limit  con- 
trol  performs  this  function  by  phase 
controlling  the  firing  point  of  the 

thyratrons  toward  and  into  the  re-  B 

gion  of  rectification.  H 

The  extra  refinement  of  tube  HH  I 

is  necessitated  by  the  fact  that  too  I 

rapid  field  strengthening  at  a  high- 
speed  condition  could  raise  the  emf  ^ 

of  the  motor  faster  than  a  high- 

inertia  load  would  allow  the  speed  to  ^^^B^bB^ 

decrease  to  reduce  this  emf.  That  is, 
during  the  initial  period  of  decelera- 
tion  when  tube  EE  is  calling  for  full 

field  in  response  to  its  armature  cur-  ?H5SS5Bh1 

rent-limit  signal  the  armature  volt¬ 
age  would  increase  to  levels  beyond  operates  on  tube  DD  so  that  it  regu- 
which  inverter  commutation  would  lates  the  field  excitation  to  maintain 
be  possible.  After  reversal  of  the  a  preset  armature  voltage, 
armature  connections  and  prior  to,  Tube  FF  serves  to  precondition  the 
and  during,  the  inversion  period,  the  armature  current-limit  pre-condi- 
armature  voltage  is  negative  with  tioning  circuit  by  anchoring  the 
respect  to  the  negative  control  bus,  junction  of  resistors  R„,  and  Ra 
point  7.  Tube  HH  receives  a  signal  a  few  volts  negative  with  respect  to 
which  is  part  of  this  then-negative  control  bus,  6.  That  is,  the  po- 
armature  voltage,  compares  this  sig-  tential  of  junction  Rao — Ras  can  be  in- 
nal  with  the  standard  voltage  of  creased  positively  from  this  anchor- 
tube  B,  amplifies  the  difference,  and  ing  position  but  cannot  fall  below  it. 


FIG.  4 — Control  panel  for  tube-controlled 
motor  unit,  with  push-button  control  at  leit 
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Crystal  Products  Company 
Kansas  City,  Jfo. 


in^r  the  holder,  such  as  the  flux  andj 
solder  used  in  soldering  pins  and 
other  connections,  as  well  as  steel 
wool  used  for  cleaning,  must  be  com¬ 
pletely  removed.  Recently,  these  have 
given  considerable  trouble  to  crystal 
manufacturers, 


FIG.  1 — Crystal  holder  type  in  cost  common  use 


In  the  pi 
1  Fig.  3. 
itimate  c( 
leans  of 
ilder  is  1 
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lock,  sine 
1  place. 


Because  some  of 
these  materials  not  visible  upon  first 
inspection  were  freed  during  the 
final  testing  of  the  crystals  (temper¬ 
ature  and  shake  tests)  many  crystals 
were  made  unworkable  and  had  to 
be  rejected.  Flux  chemically  affects 
both  electrodes  and  contact  plates. 
Rosin  and  steel  wool  collect  between 
the  crystal  and  electrodes,  preventing 
free  oscillation  of  the  crystal. 

(D)  The  electrode  surfaces  mus 
be  perfectly  parallel  and  free  froa. 
oil.  The  latter  consideration  is  very 
important  since  oil  impairs  the  activ¬ 
ity  of  the  crystal. 

(E)  The  entire  assembly  must  be 


moisture.  Care  in  holder  design  and  is  not  satisfactory.  The  material  veloped  their  own  particular  styles 
manufacture  is  essential  since  good  must  not  be  too  brittle,  since  ex-  of  holders  and  are  constantly  modi- 
crystals,  improperly  mounted,  prove  ternal  chipping  affects  the  outward  fying  them,  holders  may  be  grouped 
entirely  worthless.  The  type  of  crys-  appearance  of  the  holder  and  inter-  into  the  following  general  classes; 
tal  mounting  used  is  determined  by  nal  chipping  affects  the  electrical  ( 1)  pressure  mountings,  (2)  clamp 
the  mode  in  which  the  crystal  vi-  characteristics  of  the  crystal  unit,  mountings,  (3)  air-gap  mountings 
brates',  with  modifications  for  differ-  (B)-  The  electrodes,  pins,  and  con-  (4)  combined  pressure  and  air-gap 
ent  frequency  groupings  and  specific  tact  plates  or  points  must  be  made  of  mountings,  (5)  wire-supported  crys 

a  material  which  will  not  readily  tal  mountings,  (6)  mechanically  oi 
oxidize  or  corrode,  since  either  hermetically  sealed  mountings,  (7) 
greatly  affects  the  working  effi-  temperature-controlled  or  tempera 
ciency  of  the  crystal.  ture-protected  mountings  and  (8] 

(C)  All  material  used  in  construct-  multiple-type  mountings.  Most  ol 


General  Considerations 

The  most  common  type  of  holder, 
pictured  in  Fig.  1,  is  usually  made 
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Mask 


Wir*  Support 


,^e  types  are  pictured  in  Fig.  2. 

Pressure  Types 

In  the  pressure  type  holder  shown 
Fig.  3.  the  electrodes  are  held  in 
timate  contact  with  the  crystal  by 
eans  of  a  spring.  This  type  of 
ilder  is  particularly  useful  in  ap- 
ications  where  the  mounting  is  sub- 
tt  to  severe  external  vibration  or 
lock,  since  the  crystal  is  held  rigidly 
11  place.  It  can  also  be  operated  in 


any  physical  position  without  a 
change  in  frequency. 

It  has  been  found  that  there  are 
optimum  spring  pressures  for  cer¬ 
tain  frequency  ranges.  Thus,  where 
holders  are  to  be  used  with  different 
crystals  covering  a  wide  range  of 
frequencies,  variable  spring  pressure 
is  frequently  provided.  This  is  done 
by  placing  the  spring  on  a  mi¬ 
crometer  screw,  so  that  by  tighten¬ 
ing  the  screw  the  spring  pressure  is 
increased.  Where  crystals  having 
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OLDER  Design 

-zot'lec'tric  quartz  plates  used  for  frequency  control  in  various  types  of  electronic  equip- 
>nl  must  be  incorporated  in  mountings  which  permit  them  to  be  readily  and  jiroperly 
lertcd.  physically  and  electrically,  within  such  gear.  Eight  varieties  of  mountings  are 
described  here,  each  of  them  having  distinct  advantages  for  certain  applications 


FIG.  3 — Typicol  pressure  type  holders 


closely  related  frequencies  are  being 
manufactured,  the  best  average  pres¬ 
sure  is  predetermined  for  each  fre- 
<iuency  group  and  springs  providing 
this  pressure  are  used  during  pro¬ 
duction.  Very  little  spring  adjust¬ 
ment  is  necessary  for  each  individual 
crystal  in  this  case. 

Pressure  type  holders  are  used 
for  “thickness”  oscillators^  operating 
between  1,800  and  30,000  kc.  In 
holders  designed  to  operate  at  low 
frequencies  within  this  range  the 
electrodes  are  usually  perfectly  flat 
and  are  approximately  the  same  size 
as  the  crystal.  In  holders  designed 
for  use  at  higher  frequencies  within 
this  range  the  size  of  the  upper  elec¬ 
trode  is  generally  decreased  to  re¬ 
duce  the  inter-electrode  capacity. 


Preitur*  Types 


Knife  Edge  Varieble  Air-gap  Fixed  Air-gap 


FIG.  2 — Mountings  of  various  types  discussed  in  the  text 
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Some  companies  use  a  disc  as  the  oscillators.  In  this  application,  the 
upper  electrode,  while  others  recess  crystal  is  clamped  at  the  corners, 
a  portion  of  the  surface  of  a  rec-  which  are  the  nodal  points.  Elec- 
tangular  upper  electrode,  leaving  a  trodes  are  plated  directly  on  the 
raised  disc  in  the  center  and  raised  quartz.  The  crystal  surfaces  are  left 
feet  on  the  corners.  See  Fig.  4.  unplated  for  short  distances  on  op¬ 
posite  sides,  at  opposite  ends,  as 
shown  in  Fig.  6.  This  permits  use 
Clamp  Typas  ^  simple  combination  clamp  and 

The  clamp  type  holder  is  a  modi-  contact  assembly, 
fication  of  the  pressure  type.  Quartz 
crystals  do  not  show  equal  vibration 
over  their  entire  surfaces;  that  is, 
there  are  points  of  maximum  vibra¬ 
tion  called  antinodes,  and  points  of 
minimum  vibration  called  nodes.'  The 
theory  of  the  clamp  type  holder  is  to 
clamp  the  crystal  between  very  small 
clamp-member  areas  at  the  nodal 
points.  Electrodes  of  the  metallic- 
coated  type  are  used  in  such  holders. 

A  thin  metal  coating  of  silver  or 
aluminum  is  evaporated  or  “sput¬ 
tered”*  onto  the  quartz  crystal  faces 
and  is  used  in  place  of  solid  metal 
electrodes.  The  clamp  then  holds  the 
crystal  in  place  and  at  the  same  time 
makes  contact  with  the  electrode 
coatings.  A  good  clamp  holder  must 
have  small  contact  point  areas,  ac¬ 
curate  alignment  of  points,  and  ade¬ 
quate  pressure  to  hold  the  crystal  in 
place. 


FIG.  4 — Disc  type  electrod 


In  the  air-gap  type  holder,  there 
is  an  air-gap  between  the  crystal  and 
one  or  both  of  the  electrodes.  For 
operation  low’er  in  frequency  than 
1,800  kc,  thickness  oscillators  of  con¬ 
venient  size  do  not  work  properly 
w'hen  clamped,  owing  to  the  abnormal 
ratio  of  thickness  to  length.  Such  a 
crystal  is  conventionally  mounted 
with  a  slight  clearance  between  the 
upper  crystal  face  and  the  upper 
electrode.  Thus  the  crystal  vibrations 
are  not  damped  by  the  pressure  of 
the  upper  plate.  A  further  advantage 
of  a  spaced  electrode  is  that  the  in¬ 
tensity  of  the  electrostatic  field 
across  the  crystal  is  reduced  due  to 
the  use  of  what  is  effectively  a  series 
condenser  in  the  crystal  circuit.  This 
reduced  field  helps  to  prevent  break¬ 
age  of  the  crystal  due  to  dielectric 
failure  of  the  quartz. 

This  class  of  holder  can  be  further 
subdivided  into  (a)  fixed  air-gap 
holders  and  (b)  variable  air-gap 
holders 
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FIG.  5 — Knife-edge  holder 
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FIG.  6 — Clamp  type  holder 


Knife-Edqe  Holder 

One  type  of  clamp  holder  is  the 
knife-edge  holder  showm  in  Fig.  5. 
There  are  four  knife  edges  whose 
dimension  along  the  length  of  the 
crystal  is  small  and  whose  dimension 
along  the  width  is  just  large  enough 
to  insure  a  rigid  clamp.  The  nodal 
point  of  a  longitudinally-vibrating 
crystal  represents  a  straight  line  and 
thus  we  may  use  a  knife  edge  in¬ 
stead  of  a  single  point. 


y.  ^'Air  gap 

'  Crystal 

Quartz 

spacer 


Fixed  Air-Gap  Types 


The  fixed  air-gap  type  is  not 
widely  used  except  in  connection  with 
low-frequency  filter  crystals.  In  any 
type  of  air-gap  mounting  it  is  par¬ 
ticularly  essential  to  have  the  elec¬ 
trodes  quite  parallel.  If  this  not  the 
case  the  electric  field  will  be  unevenly 
Clamp  Holders  for  Bar-Type  Crystals  distributed,  tending  to  strain  the 

crystal.  In  mounting  electrode  plates 
This  type  of  holder  is  used  for  bar  a  fixed  distance  away  from  the  crys- 
type  crystals  vibrating  longitudinally  tal,  a  plastic  mask  or  quartz  spacers 
or  flexually’  and  covering  the  range  are  frequently  used.  These  hold  the 
from  15  to  280  kc.  Extreme  crystal  electrode  a  fixed  distance  away  from 
activity  is  obtained  with  this  type  of  the  crystal  and  prevent  lateral  mo- 
holder.  The  frequency  at  which  the  tion  of  the  crystal  at  the  same  time, 
crystal  oscillates  is  less  infiuenced  This  type  of  holder  is  shown  in 
by  the  characteristics  of  the  holder  Fig.  7. 

than  with  most  other  types.  Also,  When  using  a  spaced  upper  elec- 
since  the  electrodes  are  formed  di-  trode,  the  position  of  the  upper  elec- 
rectly  on  the  crystal,  the  latter  never  trode  is  quite  critical.  This  critical 
need  cleaning.  position  is  a  function  of  the  radio 

The  clamp  type  is  also  being  used  frequency  involved  and  the  frequency 
for  crystals  vibrating  as  thickness  of  supersonic  vibrations  set  up  in 


Lotver  elect roote 


FIG.  7 — Fixed  air-gap  holder 


the  air  of  the  gap  by  oscillation  of 
the  crystal.  The  activity  of  the  crys¬ 
tal  diminishes  w’hen  the  magnitude 
of  the  gap  is  a  multiple  of  half  the 
w'ave  length  of  supersonic  sound  gen¬ 
erated  at  the  particular  crystal  fre¬ 
quency  employed.  When  this  condition 
exists,  compressional  waves  leaving 
the  crystal  face  encounter  compres¬ 
sional  waves  rebounding  from  the 
electrode  in  such  phase  that  a  damp¬ 
ing  action  is  exerted  on  the  crystal 
The  condition  described  is  not  seri¬ 
ous  at  low  frequencies  since  the  dis¬ 
tance  between  damping  points  is 
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FIG.  9 — Wlro-supportod  crystal 


FIG.  10 — Hermetically-sealed  crystal 
holder 


fairly  large,  but  at  high  frequencies 
it  becomes  a  factor. 


Variable  Air-Gap  Types 

In  the  adjustable  or  variable  air- 
gap  type  of  holder  shown  in  Fig.  8, 
one  electrode  is  fixed  and  the  other 
is  movable  in  a  direction  perpendicu¬ 
lar  to  the  major  faces  of  the  crystal. 
This  is  usually  accomplished  by  per¬ 
mitting  the  crystal  to  rest  on  the 
lower  electrode  and  attaching  the 
upper  electrode  to  a  movable  screw, 
The  frequency  can  be  varied  over  a 
relatively  narrow  range  by  changing 


the  air  gap.  With  a  typical  5-Mc 
crystal  the  adjustment  varies  the 
frequency  from  2  to  6  kc. 

Reducing  the  air  gap  lowers  the 
frequency  and  increasing  it  raises 
the  frequency.  Of  course,  this  holds 
true  only  within  certain  limits.  The 
air  gap  can  be  narrowed  or  enlarged 
only  to  a  certain  point  without  seri¬ 
ously  reducing  the  activity  of  the 
crystal. 

Fr«qH«ney  Raaq* 

The  maximum  frequency  adjust¬ 
ment  for  this  type  of  holder  varies 
with  the  frequency  of  the  crystal  and 
also  with  the  circuit.  Frequency  ad¬ 
justment  is  particularly  useful  where 
the  crystal  must  be  maintained  at 
an  exact  frequency  or  where  the 
crystal  has  been  ground  for  use  in 
one  type  of  circuit  and  is  then  used 
in  another.  This  type  of  holder  may 
conveniently  be  used  to  shift  the  fre¬ 
quency  of  transmission  slightly  to 
eliminate  interference.  Variable  air- 
gap  holders  J^ave  been  commonly 
ground  for  fr<  luencies  between  100 
and  5,000  kc.  ^ome  companies  manu¬ 
facture  such  types  that  operate  as 
high  as  11,000  kc. 

Prciivr*  Air-Gap  Types 

The  most  common  type  of  holder 
in  use  today  is  the  combined  pres¬ 
sure  air-gap  type  of  holder  shown 
in  Fig.  1. 

As  pointed  out  previously,  a  quartz 
crystal  does  not  vibrate  uniformly 
over  its  entire  surface;  that  is,  there 
^  are  points  of  maximum  and  mini¬ 
mum  vibration.  In  a  crystal  em¬ 
ploying  a  BT  or  AT  cut,  vibrating 
in  a  thickness  shear,  the  nodal  points 
are  at  the  corners  of  the  crystal  and 
these  are  small  in  area  with  respect 
to  the  surface  area.  Thus  it  is  pos¬ 
sible  to  clamp  the  crystal  at  its  cor¬ 
ners  without  impeding  its  vibration. 
In  this  type  of  holder  the  electrodes 
are  recessed  in  the  center  by  adding 
feet  to  the  corners  or  stamping  a  re¬ 
cessed  circular  center  into  them. 

CircHlar  Preiture  Air-Gap  Types 

One  type  of  electrode  is  circular 
with  a  raised  rim.  Here  the  crystal 
corners  are  clamped  by  the  rim.  In 
this  type  of  holder  the  crystal  is 
held  firmly  in  place  by  the  tension  of 
some  type  of  spring.  The  recessed 
electrodes  furnish  the  air  gap,  which 


is  adjusted  in  manufacture.  This 
type  of  holder  lends  itself  particu¬ 
larly  well  to  thickness  oscillators 
operating  between  1,500  and  9,000 
kc.  Its  particular  advantages  in¬ 
clude  ease  of  manufacture,  greater 
stability  and  improved  performance. 
Variable  air-gap  holders  are  now 
made  in  the  same  design.  A  ring  or 
frame  is  used  to  apply  pressure  to 
the  corners  of  the  crystal,  and  the 
upper  electrode  is  adjustable.  The 
frequency  adjustment  on  such  crys¬ 
tals  is  quite  small,  however. 

Wir*-Supperf«d  Types 

Another  type  of  mounting  similar 
in  principle  to  the  pressure  type 
mounting  is  the  wire-supported  crys¬ 
tal.  See  Fig.  9.  This  type  of  mount¬ 
ing  has  been  found  satisfactory  for 
crystals  having  CT  and  DT  cuts, 
which  vibrate  in  a  face  shear.  These 
have  a  single  nodal  point  in  the  cen¬ 
ter  of  the  face. 

The  crystals  are  silver-plated  and 
are  supported  by  wires  soldered  at 
their  nodal  points.  The  supporting 
wires  also  serve  as  a  means  of  mak¬ 
ing  electrical  connections  to  the  elec¬ 
trode  coatings  on  the  surfaces.  After 
the  supporting  wires  are  attached  to 
the  crystal  they  remain  in  that  posi¬ 
tion  throughout  the  rest  of  the  manu¬ 
facturing  process.  The  supporting 
wires  provide  a  spring  mounting 
even  during  production,  protecting 
the  crystal  from  shocks.  After  the 
wire  has  been  soldered  to  the  crystal, 
the  unit  is  free  from  variation  in 
performance  due  to  slight  changes 
in  position  and  changes  in  contact 
resistance  which  prevail  in  pressure 
type  holders. 

Such  a  crystal  unit  is  difficult  to 
manufacture.  The  adjustment  op¬ 
erations  are,  however,  quite  easy  and 
the  crystal  case  is  very  inexpensive. 
This  type  of  holder  is  now,  in  some 
instances,  being  used  in  place  of  the 
knife-edge  type  and  pressure  type 
for  low-frequency,  bar-type  crystals. 

S«al*d  Types 

Where  crystals  have  to  be  abso¬ 
lutely  dust-proof  and  moisture-proof, 
they  are  sealed  either  mechanically 
or  hermetically.  Mechanical  sealing 
is  generally  accomplished  with  a  flex¬ 
ible  rubber  or  cork  gasket  and  a 
rapid,  hard-drying  cement  such  as 
glyptol.  All  screws  and  nuts  are 
covered  with  the  glyptol  and  the 
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heat  and  a  very  sensitive  theriaostatB 
for  maintaing  the  temperatr^e  at  I 
a  constant  value.  The  oven  or  aietalB 
box  is  lined  with  a  heat-insu:atingB 
material.  The  thermostat  is  u  uallyl 
a  very  sensitive  mercury-fillec  ther-BQ  ^  | 
mometer,  into  the  stem  of  whi<  h  haalj\  w  < 
been  fused  two  wire  electrodes  sepa-B^ 
rated  a  short  distance  from  each  — 

other  as  shown  in  Fig.  11.'^  I 

By  making  the  bulb  of  the  ther- Bp  Yemeni 
mometer  large,  so  that  it  contains  afl  ,  . 
relatively  large  amount  of  mercury, 
and  by  using  a  very  small  bore  inB|jneg  an 
the  stem,  a  small  change  in  tenipera-  B 
ture  will  cause  a  large  change  inB 

the  height  of  the  mercury  in  theB _ 

stem.  When  the  thread  of  mercury  B^ — 
makes  contact  with  both  of  the  elec-  B 
trodes  in  the  stem  a  circuit  is  ('oni-B  —  jjg 
pleted  from  one  electrode  to  the  B 
other,  which  causes  current  to  flowB 
through  a  relay.  This  opens  the  cir-  B  ^ 
cuit  feeding  the  heating  element  and  B  j^j-n 

allows  the  oven  to  cool.  The  heating  fl  ^ 
element  is  usually  a  resistor  having  B  Ly^Qj.  q 
a  fairly  large  surface  area,  insuring  B  ^ 
uniform  heating.  See  Fig.  12.  ^ 

The  heating  and  cooling  period  B  |jjgg|.  jj, 
depends  on  the  design  of  the  oven.  B 
Generally,  30  seconds  are  required  B  j^^ggg 
for  the  oven  to  heat  and  1  minute  B  g^joynt 
to  cool.  The  usual  thermostat  re-  B  abl 
sponds  to  changes  of  0.1  deg.  C.  B  ^j^g  g^.. 
Typical  ovens  are  held  to  0.1  deg.  C  B  ^^g  ygg 
for  X  and  Y  cuts,  and  to  1  deg.  C  for  B 
BT  and  AT  cuts.  B  f 


holder  is  baked.  Then  the  holder  is 
usually  tested  under  water. 

Hermetic  sealing  is  usually  accom¬ 
plished  by  soldering  or  electrically 
welding  a  metal  cover  and  base  to¬ 
gether  to  form  a  case  closely  re¬ 
sembling  a  metal  tube,  using  Fernico 
wire  and  f used-glass  lead-ins.  When 
crystals  are  sealed  in  glass,  the  pro¬ 
cedure  of  mounting  a  crystal  unit  on 
a  stem  and  sealing  it  is  much  the 
same  as  in  the  manufacture  of  a 
glass  radio  tube.  See  Fig.  10.  Oxy¬ 
gen  gas  flames  are  generally  used 
for  sealing,  since  they  are  sharp- 
pointed  and  have  a  high  temperature. 
After  the  glass  tubes  are  sealed  they 
have  to  be  annealed  or  cooled  slowly. 


Mmrcury 


FIG.  11 — Mercury  thenndstot 


Meta!  box 


Jnsu/af/on 


Adjustable 
air  dfap 
holder 


Lv..  '"Thermostat 

t/eaf 
LiiiJ  \  unit 
_  \ 

Copper  casting/ 


Advcmtagcs  of  Sealed  Types 


Sealed  units  have  many  advan¬ 
tages.  They  are  not  subject  to  varia¬ 
tions  due  to  changes  in  humidity. 
They  have  a  high  degree  of  stability. 
They  can  be  made  up  and  stored  for 
periods  of  time  with  no  worry  of 
getting  dirty.  One  disadvantage  is 
that  when  crystals  are  sealed  in  a 
vacuum  the  absence  of  air  around 
the  crystal  causes  a  slight  change  in 
frequency  when  the  tube  is  evacu¬ 
ated.  However,  this  change  can  be 
accurately  allowed  for  when  grind¬ 
ing  crystals. 

Some  crystals  are  sealed  in  an 
atmosphere  of  dry  air.  Others,  for 
high-power  transmission,  are  sealed 
in  neon  or  some  other  inert  gas. 


Multiple  Mounting  Types 


A  recent  trend  in  holders  is  the 
incorporation  of  more  than  one  ^ 
crystal  in  a  holder.  In  some  portable 
communication  units  one  holder  con¬ 
tains  two  crystals,  one  for  trans¬ 
mitting  and  one  for  receiving.  The 
shift  from  transmitter  to  receiver 
crystal  is  made  by  shorting  out  one 
of  the  oscillator  circuits.  This  type 
holder  facilitates  construction  of  a 
compact  electronic  unit.  As  many  as 
four  crystals  have  been  placed  suc¬ 
cessfully  in  one  holder.  In  these,  the 
frequency  desired  is  selected  by 
means  of  a  built-in,  low-capacity 
switch.  See  Fig.  13. 

Most  companies  are  now  doing 
considerable  research  on  holders  and 
several  new  types  will  probably 
“blossom  out”  after  the  war. 


FIG.  13 — Holdur  containing  lour  cryttals 


Tumpurature-Coutrollad  Types 


In  temperature-controlled  units, 
employed  where  the  crystal  fre- 
quency  must  be  held  constant  over 
wide  ambient  temperature  ranges, 
automatic  temperature  control  is 
often  provided  in  the  holder.  There 

is  generally  an  integral  heater  wind-  vides  very  precise  temperature  regu- 
ing,  controlled  by  a  thermostat,  lation  but  is  somewhat  bulky, 
which  maintains  the  crystal  tempera-  It  is  obviously  impossible  to  main- 
ture  within  close  limits.  tain  a  crystal  at  a  temperature  ap- 

Temperatu re-protected  types  are  proximating  room  temperature  with- 
similar  except  for  the  fact  that  the  out  refrigeration.  If  a  constant 
arrangement  used  merely  prevents  temperature  is  maintained  solely  by 
the  crystal  temperature  from  falling  application  of  heat  to  the  crystal, 
below  some  fixed  point,  called  the  the  fixed  temperature  is  above  room 
dew  point.  Usually  this  type  of  holder  temperature,  usually  around  50  de¬ 
consists  of  a  large  temperature-con-  grees  C. 

trolled  metal  block,  which  encases  Viewed  as  a  whole,  the  typical 
the  holder  proper.  Other  tempera-  crystal  oven  comprises  a  heat- 
ture-controlled  units  are  provided  by  insulated  chamber  or  box  in  which 
placing  any  type  holder  in  a  box  the  crystal  and  its  holder  rest,  an 
type  oven.  This  arrangement  pro-  electric  heating  element  for  adding 
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I  CHARACTERISTICS  OF 

kesonant  Transmission  Lines 


Elementary  characteristics  of  ideal  or  low-loss  transmission  lines  are  presented  in  convenient 
graphical  form  in  this  Reference  Sheet.  Voltage,  current  and  resistance  along  resonant 
lines  are  portrayed,  together  with  the  equivalent  resonant  circuit  at  quarter-wave  sections 
and  the  reactance  for  other  lengths  of  open  or  shorted  lines 


jflHE  important  part  which  trans- 
^  mission  lines  play  in  modern 
radio  communication  makes  it  useful 
to  have  available  in  compact  graphi¬ 
cal  form  for  ready  reference  a 
graphical  interpretation  of  the  be¬ 
havior  of  such  lines.  For  simplicity 
of  presentation,  the  curves  and  dia¬ 
grams  (next  page)  in  this  Reference 
Sheet  have  been  plotted  on  the  as¬ 
sumption  that  the  lines  are  free  from 
losses.  The  presence  of  a  slight 
amount  of  attenuation  will  not  ap¬ 
preciably  affect  the  general  shape  of 
the  curves,  and  hence  the  diagrams 
are  useful  for  many  practical  appli¬ 
cations  as  well  as  for  the  ideal  loss 
free  case.  If  the  line  has  appreciable 
attenuation,  however,  the  curves 
given  here  must  be  modified  slightly 
to  apply  to  actual  conditions. 

In  drawing  the  curves,  the  line  is 
assumed  to  be  fed  from  a  generator 
whose  output  impedance  is  equal  to 
the  characteristic  impedance  of  the 
line.  With  this  stipulation,  the  wave 
is  absorbed  and  dissipated  and  is  not 
reflected  from  the  sending  end.  The 
curves  are  drawn  for  lines  whose  dis¬ 
tant  ends  are  open  or  shorted,  cor¬ 
responding  to  infinite  and  zero  resis¬ 
tance  termination  at  the  far  end. 

All  of  the  data  for  which  the  chart 
has  been  compiled,  is  available  at  a 
glance.  For  example,  the  length  of 
line  required  to  produce  a  high  im¬ 
pedance,  a  low  impedance,  an  induc¬ 
tive  reactance,  or  a  capacitive  re¬ 
actance  are  directly  evident. 

Iteading  from  top  to  bottom,  the 
chart  shows  the  following  data  for 
transmission  lines: 

1.  The  reactance  curves  for  lines 
of  any  length.  While  the  curves 
shown  apply  for  lines  whose  length 
is  I'ne  wavelength  or  less,  the  curves 
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are  periodically  repetitive,  and  hence 
may  be  extended  to  lines  of  any 
length.  For  lines  longer  than  one 
wavelength,  it  is  convenient  to  deter¬ 
mine  the  line  characteristics  by  sub¬ 
tracting  an  integral  number  of  wave¬ 
lengths  from  the  line.  The  remain¬ 
ing  length  of  line  will  then  be  less 
than  one  wave  in  length,  and  its 
characteristics  may  then  be  deter¬ 
mined  from  the  graphs. 

2.  The  electrical  equivalent  react¬ 
ance  for  lines  of  various  lengths  be¬ 
tween  exact  multiples  of  a  quarter 
wave  line.  When  the  reactance  curve 
is  positive,  the  electrical  equivalent 
reactance  is  inductive,  whereas  it  is 
capacitive  for  lines  of  such  length 
that  the  reactance  curve  is  negative. 
The  ideal  line,  free  from  attenuation 
behaves  either  as  a  pure  inductive  re¬ 
actance  or  as  a  pure  capacitive  re¬ 
actance  within  any  given  quarter 
wave  section.  Actual  lines,  in  which 
some  attenuation  is  present,  will  also 
show  a  resistive  component  as  well 
as  the  reactive  component,  but  this  is 
not  indicated  on  the  diagram. 

3.  The  resonant  circuit  character¬ 
istics  of  the  line  at  exactly  each 
quarter  wavelength.  The  ideal  line 
behaves  as  a  series  /resonant  circuit 
and  as  a  parallel  resonant  circuit 
alternately  every  quarter  of  a  wave 
long.  In  the  ideal  case  the  line  has 
zero  resistance  when  the  series  reson¬ 
ant  circuit  is  used  to  represent  it, 
and  has  infinite  impedance  for  those 
quarter  wavelengths  for  which  it  be¬ 
haves  as  a  parallel  resonant  circuit. 


Actually,  real  physical  lines  have 
more  than  zero  and  less  than  infinite 
resistance  at  these  points.  The  line 
is  resonant  at  90  deg.  intervals  for 
both  open  and  shorted  cases,  and  for 
quarter-wave  intervals,  the  line  be¬ 
haves  alternately  as  a  series  and  as 
a  parallel  resonant  circuit. 

4.  The  resistance  and  the  voltage 
and  current  distribution  for  open  and 
shorted  lines  is  given.  For  conven¬ 
ience  the  resistance  curve  is  plotted 
along  with  the  voltage  and  current 
distribution  along  the  length. 

5.  For  the  shorted  line,  the  graphs 
show  that,  as  measured  from  the 
shorted  end,  the  line  acts  first  as  an 
inductance  for  the  first  quarter  wave 
section,  then  as  a  capacitance  for  the 
next  quarter  wave  section,  and  so  on, 
alternately  for  each  90  deg.  interval. 

6.  For  the  open  end  line,  the 
graph  shows  that,  as  measured  from 
the  open  end,  the  line  acts  first 
as  a  capacitance  and  then  as  an  in¬ 
ductance,  alternately,  for  each  quar¬ 
ter-wave  section. 

7.  The  quarter  wave  diagram  near 
the  bottom  of  the  chart  is  intended 
to  show  that  a  quarter  wave  section 
of  line  may  be  considered  as  a  tuned 
circuit.  If  the  line  is  slightly  less 
than  a  quarter  wave,  it  will  present 
inductive  reactance,  whereas  if  it 
is  slightly  longer  than  a  quarter 
w’ave,  the  section  wilt  assume  the 
characteristics  of  a  capacitance. 

8.  In  a  similar  manner,  the  low¬ 
est  diagram  is  intended  to  show  that 
a  half  wave  line  may  be  considered 
as  a  tuned  circuit  element.  If  the  line 
is  slightly  less  than  a  half  wave  long, 
its  reactance  will  be  inductive, 
whereas  the  reactance  will  be  capaci¬ 
tive  if  the  line  is  slightly  longer  than 
a  half  wave. 
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ECOMING  BROADER 


O  EEING  into  the  impenetrable  ... 

Hearing  the  inaudible  .  .  . 

Heu'  and  amazing  industrial  processes  and  controls  .  .  . 

YeSy  on  every  side  the  Horizons  are  becoming  Broader  as  we  enter  the  Age 
of  Electronics. 

Side  bs  side  w  ith  the  achievements  in  the  short-  and  ultra  short-w  ave  field 
has  been  the  development  of.Al.SlMAG  Steatite  bodies  for  high  frequency  insulators 
of  extremely  low  dielectric  loss  together  with  high  mechanical  strength  and  rigidity  — 
assuring  constancy  under  any  operating  condition. 

Today  for  our  fighting  forces  .  .  .  tomorrow  for  our  customers  y  American 
Lava  Corporation  is  pledged  to  these  principles:  Production  to  the  highest  known  stand¬ 
ards  .  .  .  Reseat'ch  to  find  a  Better  H\iy. 

AMERICAN  LAVA  CORPORATION 

CHATTANOOGA,  TlNNtSStt 


ANftlDEI  JILT  27.  1142 


here  stability  is  an  important 
equirement,  AlSiMag  Steatite 
ceramics  are  unsurpassed  for  lend- 
tiig  rigidity  and  permanence  ot 
.alignment  to  electronic  circuits. 


•OAOf  M*i>«  «fGl5TIHeO  U  S  P^TINT  QfUCE 

STEATITE  CERAMIC  ^ 
INSULATORS 
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Four-Microsecond  employs  a  thyratron  tube  as  the 

Flash  Unit  switch  to  control  the  current  throuprh 

the  lamp.  With  this  method  the 
•Analysis  of  high-speed  motion  is  flashing  control  over  the  2,000-volt 
now  possible  with  a  flash  unit  that  circuit  is  obtained  by  switching  a 
has  a  speed  of  four  millionths  of  a  35-volt  low-current  circuit  supplying 
second.  In  this  length  of  time  an  ob-  the  grid  of  the  thyratron. 
ject  traveling  2,000  feet  per  second  in  order  to  actuate  the  thyratron 
moves  but  0.096  inch  and  is  prac-  and  lamp  at  the  proper  moment,  va- 
tically  “frozen”  by  a  camera  used  in  rious  synchronizing  procedures  may 
conjunction  with  the  light.  be  used.  These  include  making  or 

The  flash  unit,  developed  by  engi-  breaking  a  light  beam,  tripping  by 
neers  in  the  laboratories  of  the  Gen-  the  impact  of  sound  or  other  com- 
eral  Electric  Co.,  contains  a  100-  pression  waves,  or  making  or  break- 
watt  high-pressure  mercury  vapor  ing  a  simple  electrical  contact. 


S.  L.  Bellinger  and  the  high-apeed  portobi* 
flash  unit.  In  his  left  hand  he  holds 


phototube  accessory  ior  synchronising  thi 


flash  with  the  motion  to  be  analyzed 


equivalent  to  over  1,000,000  foot 
candles  of  light  from  tungsten  lampj 


The  life  of  the  lamp  is  not  def 


nitely  known,  but  one  lamp  w 


lamp  about  the  size  of  a  cigarette.  The  amount  of  illumination  ob-  flashed  at  a  rate  of  one  flash  ever.. 
Flashing  of  the  lamp  is  accomplished  tained  from  the  lamp  at  a  distance  five  seconds  and  was  still  in  g(W 
by  charging  a  capacitor  to  a  potential  of  fifteen  feet  is  photographically  operating  condition  after  330,000 
of  2,000  volts  and  then  permitting  it 
to  discharge  through  the  lamp.  The 


rate  of  discharge  is  about  2,000 
amperes,  with  a  peak  power  of 
4,000,000  watts,  but  due  to  the  short 
duration  of  the  flash  the  high  cur¬ 
rent  does  not  cause  serious  heating. 


The  upper  block  diagram  shows  th«  circuit 
for  manual  oporertion  of  the  high-speed 
flash  unit.  The  lower  circuit  includes  a 
thyratron  tube  for  automatic  timing 
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Either  of  two  methods  shown  in 
the  block  diagram  may  be  used  to 
flash  the  lamp.  In  one  method  a 
switch  is  placed  in  the  discharge  cir¬ 
cuit  and  is  operated  manually  to 
close  the  circuit  between  the  capaci¬ 
tor  and  the  lamp.  The  second  method 


Internal  yiew  of  the  flash  unit  for  high-speed  photography.  The  thyratron  triggers 
2,000  omperes  at  2.000  volts  from  a  capacitor  through  a  mercury  vopor  lamp 
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Even  the  Big  Inch  Needs  IRC  RESISTORS 


Vital  arteries  of  supply  in  this  mechanized  war 
are  America’s  pipelines.  To  maintain  capacity 
flow,  sludge  and  gummy  deposits  must  he  cleaned 
out  at  intervals.  For  this  purpose  a  screw-type 


ANOTHER 


DEVELOPMENT 


scraper  propelled  by  the  oil  pressure  is  employed. 
When  occasionally  the  scraper  becomes  stuck 
and  plugs  the  line,  the  point  of  stoppage  must  be 
located  to  release  the  flowing  oil. 

But  where— and  how? 

With  the  use  of  the  Geiger-  ^ 
Mueller  Counter,  hours  — and  ^ 
sometimes  days  —  of  search  are  *  1 
saved.  Modern  scrapers  contain 
radio-active  metal  which  con- 


stantly  emits  an  impulse  message.  When  trouble 
occurs,  these  signals  are  picked  up  by  the 
Counter,  as  the  line  is  checked.  At  the  point  of 
greatest  intensity  the  pipeline  is  tapped  and  the 
obstruction  cleared  away. 

IRC  engineering  ingenuity  plays  an  important 
part  in  the  functioning  of  Geiger-Mueller 
Counters.  Many  specially  designed  IRC  resistors 
and  controls  are  employed  in  their  carefully  ad¬ 
justed  circuits. 

If  you  have  a  design  or  engineering  problem 
involving  resistance  units  and  you 
are  seeking  unbiased  advice,  why 
f  not  come  to  Resistor  headquarters 
V*  at  IRC?  We  make  more  types  of 
*  resistors,  in  more  sizes,  for  more 
^  applications  than  any  other  manu- 

^  facturer  in  the  world. 
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F  our-Microsecond 
Flash  Unit 

Analysis  of  high-speed  motion  is 
now  possible  with  a  flash  unit  that 
has  a  speed  of  four  millionths  of  a 
second.  In  this  length  of  time  an  ob¬ 
ject  traveling  2,000  feet  per  second 
moves  but  0.096  inch  and  is  prac¬ 
tically  “frozen”  by  a  camera  used  in 
conjunction  with  the  light. 

The  flash  unit,  developed  by  engi¬ 
neers  in  the  laboratories  of  the  Gen¬ 
eral  Electric  Co.,  contains  a  100- 
watt  high-pressure  mercury  vapor 
lamp  about  the  size  of  a  cigarette. 


employs  a  tube  as 

switch  to  control  the  current  through  ,9 

the  lamp.  With  this  method  the 
the  2,000-volt 

35-volt  low-current  circuit  supplying 

the  grid  of  the  thyratron.  S  ^  Bellinger  and  the  high-speed  portabu 

In  order  to  actuate  the  thyratron  flash  unit.  In  his  left  hand  he  holds  a 
and  lamp  at  the  proper  moment,  va-  phototube  accessory  for  synchronising  tht 
rious  synchronizing  procedures  may  ***•  ^  analysed 

be  used.  These  include  making  or 

breaking  a  light  beam,  tripping  by  equivalent  to  over  1,000,000  foot- 
the  impact  of  sound  or  other  com-  candles  of  light  from  tungsten  lamps, 
pression  waves,  or  making  or  break-  The  life  of  the  lamp  is  not  defi 
ing  a  simple  electrical  contact.  nitely  known,  but  one  lamp  wa.- 

The  amount  of  illumination  ob-  flashed  at  a  rate  of  one  flash  every 


Flashing  of  the  lamp  is  accomplished 
by  charging  a  capacitor  to  a  potential 
of  2,000  volts  and  then  permitting  it 
to  discharge  through  the  lamp.  The 
rate  of  discharge  is  about  2,000 
amperes,  with  a  peak  power  of 
4,000,000  watts,  but  due  to  the  short 
duration  of  the  flash  the  high  cur¬ 
rent  does  not  cause  serious  heating. 


Th*  upper  block  diagram  shows  the  circuit 
for  manual  oporotion  of  the  high-speed 
flash  unit  The  lower  circuit  includes  a 
thyratron  tube  for  automatic  timing 

Either  of  two  methods  shown  in 
the  block  diagram  may  be  used  to 
flash  the  lamp.  In  one  method  a 
switch  is  placed  in  the  discharge  cir¬ 
cuit  and  is  operated  manually  to 
close  the  circuit  between  the  capaci¬ 
tor  and  the  lamp.  The  second  method 
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tained  from  the  lamp  at  a  distance  five  seconds  and  was  still  in  good 
of  fifteen  feet  is  photographically  operating  condition  after  330,000| 
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Internal  view  of  the  flash  unit  for  high-speed  photography.  The  thyratron  triggers 
2,000  amperes  at  2.000  volts  from  a  copacitor  through  a  mercury  vapor  lomp 


I  • 


Vital  arteries  of  supply  in  this  mechanized  war 
are  America’s  pipelines.  To  maintain  capacity 
flow,  sludge  and  gummy  deposits  must  be  cleaned 
out  at  intervals.  For  this  purpose  a  screw-type 


ANOTHER 


Ii% 


DEVELOPMENT 


scraper  propelled  by  the  oil  pressure  is  employed. 
When  occasionally  the  scraper  becomes  stuck 
and  plugs  the  line,  the  point  of  stoppage  must  be 
located  to  release  the  flowing  oil. 

But  where— and  how? 

With  the  use  of  the  Geiger- 
Mueller  Counter,  hours  — and 
sometimes  days  —  of  search  are 
saved.  Modern  scrapers  contain 
radio-active  metal  which  con¬ 


stantly  emits  an  impulse  message.  When  trouble 
occurs,  these  signals  are  picked  up  by  the 
Counter,  as  the  line  is  checked.  At  the  point  of 
greatest  intensity  the  pipeline  is  tapped  and  the 
obstruction  cleared  away. 

IRC  engineering  ingenuity  plays  an  important 
part  in  the  functioning  of  Geiger-Mueller 
Counters.  Many  specially  designed  IRC  resistors 
and  controls  are  employed  in  their  carefully  ad¬ 
justed  circuits. 

If  you  hare  a  design  or  engineering  problem 
involving  resistance  units  and  you 
are  seeking  unbiased  advice,  why 
not  come  to  Resistor  headquarters 
at  IRC?  We  make  more  types  of 
resistors,  in  more  sizes,  for  more 
applications  than  any  other  manu¬ 
facturer  in  the  world. 


ITERNATIONAL  RESISTANCE  COMPANY 

403  N.  BROAD  STREET  •  PHILADELPHIA  8,  PA. 
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The  filler  metal  is  unreele  1  Iq^q 
work  at  the  correct  angU  throi 
the  small  nozzle  rod.  The  tungj 
electrode  used  to  start  and  Fnain* 
the  arc  extends  through  the  cet 
of  the  rod  that  is  perpenc.lcuUr 
the  work,  and  the  helium  gas  is 
in  around  the  electrode. 

The  rate  at  which  filler  metal 
fed  can  be  adjusted  to  a  constant  n 
form  feed  into  the  arc,  or  a  sun- 


Electronic  Control  Developed 
for  Helium-Shielded  Arc 
Welding 

The  development  of  both  manual 
and  automatic  arc-welding  equip¬ 
ment  specifically  designed  for  the 
welding  of  magnesium,  magnesium 
alloys,  aluminum  and  other  high- 
strength  light  alloys  under  a  protec¬ 
tive  shield  of  helium  gas  is  an¬ 
nounced  by  G-E.  Availability  of  such 
equipment  should  make  possible  the 
greatly  extended  use  in  war  produc¬ 
tion  of  the  lighter  metals  whose 
welding  demands  precise  control  of 
concentrated  heat  and  protection  of 
the  molten  metal  from  the  oxidizing 
effect  of  oxygen  in  the  air. 

The  pioneering  work  was  done 
years  ago  by  H.  M.  Hobart  and  P.  K. 
flashes.  The  total  additive  time  of  Devers,  G-E  engineers,  who  discov- 
this  number  of  flashes  approximates  ered  that  fusion  welding  of  magne- 
one  second.  Despite  this  brief  i)eriod  sium  and  aluminum  could  be  done  in 
of  life  it  is  estimated  by  S.  Lawrence  atmospheres  of  helium  and  argon, 
Bellinger,  who  was  active  in  devel-  using  tungsten  and  carbon  electrodes, 
opment  of  the  flash  unit,  that  the  A  unit  that  is  completely  auto¬ 
lamp  should  last  the  average  news-  matic  after  preliminary  adjustment 
paper  photographer  several  hundred  is  now  in  use  in  the  G-E  welding  lab- 
years.  oratory.  It  makes  a  smooth,  clean 


Th«  mercury  Taper  lamp  that  bums  but 
one  second  and  has  a  liqht  intensity 
equlralent  to  mors  than  1.000,000  ioot- 
candles  from  tungsten  lamps 


Close-up  showing  welding  of 
plate.  Extremely  acciuate  control  oi  i 
rate  of  feeding  the  filler  wire  into  Um  i 
sons  through  the  tube  at  the  left  resulti 
the  uniform  bead  contour  at  the  rigli 


Three  photographs  of  a  faucet  that  has 
been  suddenly  opened.  They  were  taken 
separately,  at  different  interrals  after 
opening  the  faucet.  The  picture  at  the 
right  indicates  that  an  cdr  bubble  was 
lodged  inside  the  nosxle 


Concerning  the  post-war  possibili¬ 
ties  of  the  unit,  he  further  states, 
“Because  of  the  pressure  of  war 
work,  for  which  the  unit  was  made, 
we  have  not  been  able  to  experiment 
fully  with  many  fast  moving  objects. 
Rather,  we  have  confined  our  efforts 
to  using  the  device  for  studying 
high-speed  machinery.” 


Automatic  helium-shielded  arc-welding  equipment  in  use.  The  electronic  con¬ 
trol  panel  at  the  upper  right  controls  ore  length,  while  the  main  control  pans! 
ort  upper  left  handles  all  the  other  welding  operations.  The  slanting  tube  at 
lower  left  feeds  the  filler  wire  into  the  arc.  The  tungsten  starting  electrode  and 
the  helium  gas  noule  are  perpendicular  to  the  work,  which  is  clamped  to  a 

moving  bed 
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That*s  right.  You  guessed  it:  the  electron, 
The  war's  demand  for  instant  mastery  of 
every  method  of  communication  has  ma 


tured  the  science  of  electronics.  When 


peace  is  won,  the  world  will  be  in  for  a 


host  of  revolutionary  surprises 


Stancor  transformers  are  now  doing  a  job 


organizing  electrons  for  battle 


for  war 


At  the  same  time,  Stancor  engineers  keep 


their  eyes  fixed  on  the  new  age  of  elec¬ 
tronics  that  will  appear  when  the  curtain 
of  military  secrecy  is  lifted.  Tested  and 
trained  by  problems  of  war,  they  will  be 
ready  for  the  problems  of  peace. 
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drawn  through  flexible  metal  hoses  to  claiming  dry  cells  is  quite  sin  pie 
a  portable  Westinghouse  Precipitron 


consists  of  the  passage  of  .  >0  m' 
electrostatic  air  cleaning  unit,  where  liami^res  of  direct  current  'hrou 
90  percent  of  the  fumes  and  air-  a  number  of  the  cells  in  serii  3  foj 
borne  particles  are  removed  before  period  of  four  hours  or  longer, 
the  air  is  returned  to  the  room.  The  charging  device  may  b‘  a  sis 

pie  half-wave  rectifier  with  a  >.uitaK 
voltage  control  rheostat  as  siiown  i 
Fig.  1,  or  it  may  be  a  more  el.ibora 
full-wave  rectifier  with  autonia* 
Reclaiming  Used  voltage  regulation. 

Flashlight  Batteries  Maintenance  of  the  ISO-ma  chdf| 

By  Maurice  E.  Kennedy  .  current  through  a  given  numb 

of  cells  is  the  determining  factor  i 

CommiiHivations  Engineer  j  •  •  i  ,  ^ 

hoa  Angeles  County  Flood  Control  DialHct  designing  the  reCtlher.  In  large  if 

.  Olendale,  California  dustrial  plants,  where  the  tiirn-ovt 

In  THET  interest  of  material  conser-  of  flashlight  cells  by  night  guar^ 
vation,  the  extension  of  the  useful  and  others  is  fairly  great,  it  may  1 
life  of  flashlight  cells  and  other  more  economical  to  build  a  char^- 
forms  of  dry  batteries  has  consid-  capable  of  charging  a  large  numb 
erable  merit.  of  cells  at  a  time. 

The  process  of  depolarizing  and  re-  Battery  racks  should  be  built 


Exempt*  oi  butt  ioint  made  in  t4-inch  maq- 
nesium  plat*  at  red*  of  24  inches  per 
minute  with  G-E  helium-shielded  arc -weld¬ 
ing  equipment 


tungsten  or  a  carbon  electrode,  to 
conduct  the  welding  current  to  the 
electrode  and  to  surround  the  elec¬ 
trode  with  a  stream  of  helium  gas. 
The  source  of  direct-current  power 
for  both  manual  and  automatic  weld¬ 
ing  is  a  standard  G-E  d-c  arc-welding 
machine. 

Supplies  of  helium  have  been  made 
available  by  the  Bureau  of  Mines  for 
welding,  especially  for  use  in  war 
production. 


Electronic  Welding 
Fume  Remover 

The  obnoxious  fumes  produced  by 
welding  operations  may  be  removed 
from  the  scene  of  welding  activity 
by  electronic  means.  The  fumes  are 


Th*  pow*r  supply  is  mount*d  on  on*  of  th*  battory  racks, 
wh*r*  c*Us  ar*  held  in  contact  by  springs  at  th*  end  of  each  row 


accommodate  the  desired  number 
cells  in  series  somewhat  as  shown 
the  photo.  Spring  contacts  a 
provided  at  the  ends  of  the  cell  rui 
to  maintain  pressure  to  provide  co 
tact  between  cells. 


Some  provisi( 
should  also  be  made  to  jump  around 
cell  rows  when  smaller  batteries 
in  need  of  charging. 

A  d-c  milliammeter  capable  i 
reading  150  ma  should  be  provide 
if  available,  but  the  substitution  o' 
a  flashlight  bulb  of  the  300-ma,  3.? 
volt  size  will  give  a  good  averag 
check.  By  using  an  external 
to  set  the  original  values,  it  is 
possible  for  the  person  operating  tl 
device  to  become  accustomed  to  tl 
correct  brilliance  of  the  lamp. 

Care  should  be  taken  in  selccti-.^ 
the  cells  to  be  reclaimed,  as  leakii^! 


Fumes  and  air-bom*  particles  may  be  removed  from  three  welding  positions 
simultaneously  with  this  portable  Westinghouse  electrostatic  air  cleaner 
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SERIES  195  MIDGET  RELAY 
One  of  the  smallest  of  all  relays.  Built 
for  aircraft  and  radio  applications  where 
space  and  weight  are  at  a  premium. 
Contact  rating:  2  amps,  at  24  volts  D.C. 
Switch  capacity  up  to  double  pole,  dou¬ 
ble  throw. 

Contacts  withstand  vibration  test  in 
excess  of  10  G’s.  Coil  resistances  up  to 
2,000  ohms.  Weight:  .85  oz. 


SC-25  LIGHTWEIGHT  CONTACTOR 
A  lighter,  more  efFicient  contactor  for 
AAF  type  B-4  continuous  duty  applica¬ 
tions.  Double  wound  coil  draws  2  am¬ 
peres  closing  contacts  firmly.  Then  an 
auxiliary  switch  cuts  in  a  higher  resistance 
reducing  current  to  .18  amperes.  Advan¬ 
tages  are  lighter  weight,  firm  closing  of 
contacts,  smaller  current  drain.  Weight: 

21  oz.  Write  for  bulletin  SC-25. 


SERIES  345  RADIO  RELAY 
A  general  purpose  radio  relay  designed 
for  aircraft  use.  Contact  combinations  up 
to  three  pole,  double  throw.  Coil  resist¬ 
ances  range  from  .01  ohm  to  15,000 
ohms.  Standard  voltage:  16-32  volts  D.C. 
Available  with  delayed  release  or  de¬ 
layed  attract.  Weight:  bVi  oz.  Also  built 
for  A.  C.  operation  (Series  340). 


SERIES  165  VIBRATION  RESISTANT 
Counterbalanced  armature  and  sturdy 
construction  throughout  give  this  relayan 
unusual  resistance  to  vibration.  Silver 
contacts  are  rated  at  1 2y2  amperes  in  com¬ 
binations  up  to  double  pole,double  throw. 

Rating  for  aircraft  is  8  amperes  at  24 
volts  D.C.  Available  with  ceramic  insu¬ 
lation  for  HF  and  UHF  applications. 


GUARDIAN\@  /  ELECTRIC 

IOC  I  WFCT  WALNUT  CTBfFT  CHICAGO.  ILLINOIS 
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Instruments 
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X  ^  O  matter  what  your  requirements 
for  measurement  of  voltages,  currents, 
and  other  values,  the  JACKSON  Model 
642  Multimeter  will  serve  you  well.  This 
highly  sensitive  DC  voltmeter  has  ranges 
up  to  5,000  volts  .  .  .  also  complete  AC 
voltage  ranges;  also  provision  for  ohm 
measurements  up  to  30  megohms.  Other 
ranges  are  DC  milliamperes,  DC  micro¬ 
amperes,  DC  amperes  and  decibels. 


|/6 

|ce//s 


Fiq.  1 — Circuit  used  for  rocloiininq  i 
cells.  The  rheostat  is  used  to  adjust 
charging  current  to  ISO  ma  when  ie^ 
cells  ore  being  charged 


In  daily  use,  in  industrial  and  Devel¬ 
opment  Laboratories — as  well  as  in  the 
Armed  Services  the  world  over  —  the 
INTEGRITV'  of  DESIGN,  and  basic  high 
quality  of  this  Instrument,  has  been 
thoroughly  proved. 


cell  cases  will  damage  the  dashligt 
when  returned  to  service.  It  is  gei 
erally  good  practice  to  discard  an 
cells  with  suspicious  looking  bulgt 
or  leaks  in  the  zinc  cases. 

The  rejuvenation  period  will  var 
with  the  individual  cell  and  is  o 
doubt  due  to  the  internal  moistui 
condition  of  the  cell,  the  cell  formu! 
used  in  its  manufacture,  the  age  c 
the  cell,  the  type  of  service  in  whie 
it  was  expended  during  its  first  c 
normal  life  cycle,  and  other  factn?? 
Most  cells  will  return  to  abov? 
normal  voltage  within  four  to  eiKt 
hours. 

A  voltage-stabilizing  period  c 
about  six  hours  should  be  observe 
following  the  charging  period  as  i 
final  check  on  the  cell  before  returr 
ing  it  to  service.  This  shelf  jur’ 
will  also  permit  the  cell  to  return 
normal  voltage  and  prevent  the  b  ;r 
ing  out  of  flashlight  bulbs  often 
perienced  with  freshly  charged 
teries. 

Numerous  life  tests  have 
made  on  new  and  reclaimed  flasihi. 
cells  of  different  makes.  Typi 
curves  of  five  life  cycles  are  shown  ^ 
Fig.  2.  These  tests  were  made  v- 
three  cells  connected  in  series  ' 
order  to  arrive  at  an  average  con; 
tion  for  the  given  type  of  cell.  I’ 
ing  a  250-ma  load  on  the  cells  for 
30-minute  period,  then  removing 
load  for  a  15-minute  rest  period  v 
considered  to  be  a  fair  approach 
actual  operating  conditions. 

Judging  from  numerous  tests  v 
cells  of  all  makes,  it  has  been  fo  : 


Anolher  triumph  of  JACKSON  engi¬ 
neering  and  INTEGRITY  of  DESIGN 
(also  shown  below)  is  the  Audio  Fre- 
queno’  Oscillator  Model  652.  This  In¬ 
strument  operates  on  the  resistance-capac¬ 
ity  tuned  principle  .  .  .  has  splendid  su- 
bility  .  .  .  continuous  frequency  range 
from  20  to  20,000  cycles  with  excellent 
wave  form.  Model  652  is  simple  in 
operation,  gives  positive,  trouble-free 
results;  and  is  fulfilling  a  critical,  full¬ 
time  war  job. 


Production  of  JACKSON  Instruments 
has  been  vastly  increased  to  meet  urgent 
military  needs.  All  JACKSON  equip¬ 
ment  continues  available,  subject  to 
W.P.B.  regulations.  Write  for  catalog — 
and  for  an  explanation  of  the  full  mean¬ 
ing  of  INTEGRITY  of  DESIGN. 


All  Jackson  employees — a  full  100% — are 
buying  War  Bonds  on  a  payroll  deduction 
plan.  Let’s  ALL  go  all-oul  for  Victory. 


Model  642  Multimeter 


Model  6S2  Audio  Oscillator 


JACKSON  ELECTRICAL  INSTRUMENT  COMPANY.  DAYTON.  OHIO 
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MICROPHONES -C/ft<ler  Giass 


MICROPHONES 


—We  call  it  the  ■■■■  room  at  the  plant 
because  that’s  where  we  make  those  very 
special  ■■■  microphones.  But  this  we 
can  say.  New  techniques  in  microphone 
manufacture  involve  such  extreme  care  that 
workers  operate  in  dustproof  glass  en¬ 
closed  areas  which  are  air  conditioned  and 
humidity  controlled.  Precision  made— they 
are  designed  to  stand  up  and  perform  under 
extremely  difficult  combat  conditions. 

Shure  Brothers,  225  W.  Huron  St.,  Chicago 

Designers  and  Manufacturers  «f  Micropbenes  and  Acoustic  Devices 
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ITp  V  h  iN  with  the  rapid 
-Li  advaiK-emenl  of  science, 
spurred  by  war  demands,  we 
have  seen  only  a  ^limpse  of 
what  lies  lieyond  the  uncharted 

The  contributions  which 
^>l)erti  has  made  in  the  field  of 
electronics,  irradiation  and 
fluorest'ent  lighting  (as  well  as 
biodynes  with  all  they  imply  in 
the  field  of  medicine)  are  but  a 
promise  of  significant  ne»c  devel¬ 
opments  to  come. 

For  beyond  Sperti  are  laliora- 
tories  devoted  to  pure  researcdi  .  .  . 
staffed  by  scientists  whose  sole 
purpose  is  to  unselfishly  roll  back 
the  horizons  of  human  knowledge 
for  the  betterment  of  mankind. 
Sperti,  Inc.  exists  to  make  their 
mature  discoveries  aviiilable  in  appli- 
I'able  form. 

Even  now,  though  Sperti  is  almost 
holly  engaged  in  war  work,  there  may 
Ik*  a  dis(X)very  which  has  a  place  in  your 
(Histwar  product  planning. 

It  will  pay  you  to  keep  Sperti  in  mimi  — 
IIS  you  turn  your  mind  toward  tomorrow. 
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Fig.  2 — ^LUe  cycl*  oi  a  iloahllght  Mil  wtn 
a  load  of  2S0  ma  whon  now  (curr*  1) 
aitor  ropootod  rochorging  (eorros  2, 

4  and  5).  Tho  load  wot  applied  for  38. 
minute  periods  and  removed  for  15  miagti 
periods  to  simulate  operating  conditton 


possible  to  repeat  the  rejuvenatioa 
process  and  corresponding  life  cycl 
of  the  better  grades  of  dry  cells 
about  four  times.  A  few  cells  have 
been  depolarized  and  reused  over 
thirty  times  in  actual  practice.  The 
normal  discharge  conditions  of  these 
were  not  as  severe  as  the  test  load*, 
and  the  exceptional  cells  were  indi¬ 
viduals  and  not  groups  of  three.  Best 
results  were  also  noted  from  fresh 
new  cells,  expended  over  periods  of 
about  two  weeks,  reclaimed  before 
they  were  entirely  dead,  and  reused 
under  similar  conditions.  Cells  that 
are  permitted  to  stand  in  a  totalljf 
discharged  condition  for  long  periods 
can  seldom  be  reclaimed. 

It  is  desirable  to  keep  small  num¬ 
bers  of  dry  cells  in  rotation  throujfh 
the  discharge  and  recharge  cycles  in 
preference  to  charging  large  num¬ 
bers  of  cells  to  be  expended  in  shelf 
life  before  returning  to  service. 

Other  types  of  dry  cells,  such  as 
the  familiar  No.  6,  the  numerous 
types  of  hearing-aid  batteries,  radio 
batteries,  and  others  have  been  re¬ 
claimed  with  somewhat  less  success. 
The  larger  cells  take  a  fairly  long 
charging  period  but  seem  to  respond 
in  a  satisfactory  manner  if  they  are 
not  too  old.  Again  it  would  appear 
that  only  the  cells  with  sufficient  in¬ 
ternal  moisture  in  the  electrolyte  can 
be  reclaimed. 


SUBSTITUTION  of  cotton  fabric 
for  leather  in  carrying  cases  for 
field  telephones  has  been  approvd 
by  the  Signal  Corps  after  tesU 
showed  the  cotton  case  to  be  at 
strong  as  leather  and  superior  to  it 
in  some  respects. 
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Know  how”  proof  #14 
. . .  more  each  month 


•  If  fastenings  are  not  your 
problem,  kindly  pass  [this  on  to  others  to  whom 
our  "knowhow**  might  be  of  help.  Thank  you! 


SCOVILL  COLD-FORGING 
KNOW  HOW  DELIVERS 
FASTENINGS  THAT 
DELIVER  THE  GOODS 


Scovill's  cold-forged  fastening  devices 
are  found  throughout  industry,  secure¬ 
ly  holding  together  vitally  important 
assembled  products  for  war  and  peace 
alike.  The  part  illustrated  is  one  of  our 
war  jobs— the  hammer  spring  plunger 
for  the  calibre  .30  Ml  carbine.  Thanks 
to  Scovill  skill  and  "know  how"— cold¬ 
forging  did  the  trick— thus  saving  mate¬ 
rials— money— motions,  on  this  essen¬ 
tial  war  job  calling  for  the  strictest 
observance  of  exacting  requirements. 

This  same  ingenuity  assures  uniform 
quality  in  Scovill  standard  fastenings, 
even  in  huge  quantities.  Take  your 
needs  to  the  Scovill  Fastenings  Expert 
in  the  nearest  office  listed  below.  He 
will  show  you  jobs  we  have  licked  that 
tested  and  proved  our  "know  how". 
You  will  appreciate  that  our  volume  of 
war  work  restricts  acceptance  of  new 
work.  You  will  receive  a  prompt,  frank 
answer  as  to  our  current  ability  to 
serve  you. 


Scovill  Manufacturing  Company 


Waterville 


SCREW 

PRODUCTS 


Division 


WATERVILLE  48,  CONN. 


TEL.  Waterbury  3-3151 


NEW  YORK,  Chryilar  BuiMNiK  •  DETROIT,  6432  Cass  kimm  •  CHICAGO,  1229  W.  WasWiftoa  BoirievarB  .  PHIUDELPHIA,  IB  W.  ChaitM  Avssm  BaMiiiE 


P'^TSBURGH,  2812  W.  Liberty  Ave. .  SYRACUSE,  Syranse •  Kemper  Inseraece  BM{. .  LOS  ANGELES.  2627  S.  Seto  St  •  SAN  FRANCISCO.  434  Braaean  St 
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Variable  B  Voltage  Sapp  y 
for  Lab  or  Classroom 


By  A.  H.  Brolly,  Senior  Inetr^  tor 
and 

J.  L.  LaHEY,  Lab.  Inetruetoi 


V.  8.  Naval  Training  School 
(Radio  Materiel),  Chicago,  III 


RADIO  AND  SUPPLY  CO 


A  SOURCE  OF  VARIABLE  B  VOlta?e  is 
often  required  in  laboratories,  serv¬ 
ice  shops,  and  classrooms.  An  ira- 
portent  application  is  found  in  nany 
of  the  wartime  radio  courses  ..here 
experiments  dealing  with  vacuum 
tube  characteristics  are  performed 
by  large  groups  of  students. 

Variable  B  voltages  can,  of  course, 
be  provided  by  means  of  variaWe 
transformers  or  resistance  dividers 
but  cost,  present  availability  and 
other  disadvantages  leave  room  for 
another  approach  to  the  problem. 

The  device  to  be  described  in  this 
article  can  be  put  together  from 
simple,  inexpensive  parts  which  are 
obtainable  at  present.  It  can  be 
added  to  any  small  power  supply 
having  a  couple  of  spare  filament 
windings  and  its  performance  is  ideal 
for  the  applications  suggested  above. 

Briefly,  the  principle  involved  is 
to  employ  a  tube  having  low  plate 
resistance  as  a  variable  resistor,  its 
value  being  varied  by  means  of  the 
grid  bias  to  effect  the  desired  con¬ 
trol.  In  the  diagram.  Fig.  1,  a  6A6G 
is  used  as  the  resistance  which  ii 
varied  from  an  equivalent  value  of 
900  ohms  to  practically  infinity  by  i 
change  of  bias  from  zero  to  -100 
volts.  The  2A3,  6A3  or  6B4G  could 
be  used  in  lieu  of  the  6A5G  if  de¬ 
sired- 
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Gates  Is  Fighting  Today 
To  Serve  Tomorrow 


QUINCY,  ILLINOIS,  U.  S.  A. 

Manufacturing  Engineers  Since  1922 


Fig.  1 — Qrcnit  ol  Tarlablw-Tollag*  po«« 
■apply  tlrot  •mpleys  a  Taenum  tub*  ■ 
Am  ootpot  Toltag*  control 


Headquarters  speaks  .  .  .  battle  stations  answer. 
Platoons,  companies,  regiments  and  divisions 
move  into  action,  with  Radio  directing  aU  move¬ 
ments  .  .  .  maintaining  desired  contact  at  all 
points. 

In  many  of  these  battle  stations,  the  Gates  trade¬ 
mark  carries  on  with  the  American  star  of 
Victory.  Gates  transmitters,  tuning  and  control 
units,  amplifiers  and  remote  equipment  are  all 
in  the  fight  and  efficiently  meeting  the  strenu¬ 
ous  tests  that  tax  the  performance  ability  of  any 
equipment. 

When  this  war  is  won  .  .  .  you  will  enjoy  the 
advantages  of  new  Gates  engineeering  methods 
created  by  the  needs  of  war  .  .  .  and  designed 
for  the  needs  of  an  eager-to-move  industry. 


Our  engineering  staff  stands  ready  to  assist  and 
advise  on  the  fnaintenance  of  your  present  equip¬ 
ment — whether  you  are  Gates-equipped,  or  not. 


EMEHMIN 


See  your  local  RCA  Tube  and  Equipment  Distributor 

_ your  Emergency  Electronic  Expediter^ 


Right  around  the  corner  is  a  man  you 
■  ought  to  know :  your  own  local  RCA 
-ube  and  Equipment  Distributor. 

Tackling  tough  jobs  is  his  business¬ 
like  locating  tubes  and  other  electronic 
tijuipment  when  you  need  them  in  a 
urry  to  fill  some  priority  order.  For 
11  you  know,  he  probably  carries  them 
stock.  Can’t  hurt  to  find  out  anyway 
and  he  may  be  able  to  save  you  a  whole 
ot  of  trouble  and  unnecessary  delay ! 

i  He  has  the  kind  of  technical  “know' 
bow”,  too,  that  you’ll  find  mighty  useful. 


His  angle  on  how'  to  use  a  piece  of  equip¬ 
ment  is  well  worth  listening  to.  Remem¬ 
ber,  the  chances  are  he’s  been  in  radio 
since  its  early  knee-pants  days.  ^ 

So  next  time  you’re  stuck  for  stock, 
need  something  electronic  in  a  howling 
hurry,  or  find  yourself  up  against  some¬ 
thing  that  takes  intelligent  and  trade- 
wise  expediting,  get  in  touch  right  away 
with  the  man  we’ve  picked  to  serv’e  as 
your  Emergency  Electronic  Ex- 
pediter.  ^  SSX 

If  you  don't  know  who  he  is, 
write  us  today. 


jOr  TECHNICALLY 
INFORMED  service'* 

NORMALLY  ADEQUATE 
STOCKS 


FAST  DELIVERIES 


INTELLIGENT  EXPEDITING 


The  cathode  of  the  tube  in  thi* 
position  is  above  ground  by  tht 
amount  of  the  output  voltage, 
a  separate  heater  winding  '3 
quired  which  can  be  allowed  0  as¬ 
sume  this  potential.  One  tube  i  the 


Typ*  K  Cannon  Connectors  are 
li^t  he  weight  yet  rugged  and  dur~ 
Me.  Made  he  three  haste  types. . . 
Wall  Mounting  Units,  Straight 
and  ^  Cord  Connectors. 


as  close  as  practicable. 


Bias  Supitly  for  Control  Tithe 


...find  effective^ 
Vibration  Testing  Eq 


swings. 


In  this  delicate  scientific  equipment  developed  and  used 
by  Consolidated  Engineering  Corporation  for  measuring 
acceleration,  velocities  and  displacements,  uninterrupted 
operation  is  of  paramount  importance. 

The  use  of  this  equipment  requires  frequent  coupling 
and  uncoupling  of  fittings  and  Consolidated  Engineers 
have  found  that  Cannon  Connectors  save  time  and 
are  uniformly  dependable  under  all  conditions. 

Because  of  the  wide  variety  of  shapes,  sizes  and 
contact  arrangements  which  are  STANDARD 
with  Cannon,  and  because  of  their  dependability, 

Cannon  Connectors  are  used  in  an  ever  increas- 
ing  number  of  war  and  peacetime  industries. 


The  Cannon  Catalog  Supplement  gives  data  on 
Type  K  and  seven  other  types  of  generally  used 
connectors.  Send  us  a  request  on  your  business 
letterhead  and  we  will  mail  you  a  copy.  Address 
Department  A-120,  Cannon  Electric  Development 
Company,  Los  Angeles  31,  California. 


Degrees  of  Rotation 


Fig.  2 — ^Voltage  changes  produced  at 
varying  degrees  oi  rotation  of  control 
potentiometer.  The  two  lower  curves  show 
typical  load  conditions,  and  the  third 
shows  readings  obtained  on  a  1000  oho- 
per-Tolt  meter  with  no  other  load 


®  Cannon  Electric  Development  Co.,  Los  Angeles  31,  Calif. 

Conadian  Factory  and  Engineering  Office:  Cannon  Electric  Co.,  Ltd.,  Toronto 

REPRESENTATIVES  IN  PRINCIPAL  CITIES  -  CONSULT  YOUR  LOCAL  TELEPHONE  BOOK 
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A  GAReUD  WARNING 
COULD  LOSE  THE  BATTLE 


A  garbled  warning  .  .  .  and  disaster 
strikes!  Impending  danger  seen 
by  one  man  must  be  instantly  and 
clearly  transmitted  to  all  members  of 
the  crew.  That  is  why  the  plane's 
intercommunication  system  must  not 
fail .  .  .  there  must  be  no  "missing 
links"  in  the  listening  chain  that  binds 
every  man  into  a  fully  informed, 
smooth -fighting  unit.  To  turn  out 
dependable,  high  quality  interphone 
equipment  is  our  sole  role  here  at 
Trav-Ler  Karenola.  We  eure  ready, 
willing  and  able  to  do  more. 

Can  we  help  you? 


COHOCO-3T8-A 


CORD  CO-874 


MANUFACTUKERS  OF  QUALITY  RADIO  AND 
COMMUNICATION  EQUIPMENT 


"SAVLER  Karenola 


,  Co*"® 


1030  WEST  VAN  BUREN  STREET  •  CHICAGO  7.  ILLINOIS 
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ducing  a  voltage  drop  in  iJ,  un 
halves  of  the  cycle.  This  accoi  ipiij 
two  purposes.  First,  it  ke  pg 
peak  inverse  voltage  within  tiie 
limit  of  the  tube  and  second,  it  k 
the  cathode-to-ground  potential  f 
rising  above  the  rated  catiod 
heater  voltage.  This  make.^  it 
sible  to  operate  the  6H6  heater 
a  supply  that  is  used  for  other  tu 
where  grounding  the  heaters  ig 
quired.  Operation  of  the  6Ht)  hea 
from  the  same  supply  as  the  cnnt 
tube  is  not  advisable. 
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IN  WAR  m 


The  Women’s  Army  Corps  has  valiantly  taken 
over  many  non-combatant  duties,  releasing  men 
for  front-line  fighting.  In  airports  and  message  cen¬ 
ters  the  WACs  perform  well  many  of  the  arduous 
tasks  involved  in  receiving  and  transmitting  com¬ 
munications  within  the  vast  scope  of  the  U.  S. 
Army  Signal  Corps. 

CONSOLIDATED  RADIO  PRODUCTS  COMPANY  takes  just 
pride  in  the  fact  that  its  headphones  are  used  by  the 
Signal  Corps  on  all  the  battlefronts  of  the  world. 
Engineered  for  complete  dependability,  consoli¬ 
dated  RADIO  products  are  withstanding  the  severest 
demands  of  service  with  the  Tank  Corps  and  the 
Infantry,  as  well  as  the  Air  Corps. 


Loaol  Current 


Fig.  3 — Regulation  curros  obtainad  wiilj 
Toltago  control  at  Tarions  sottings.  TU 
top  curve  is  ior  the  power  pock 
without  the  control  circuit 


The  currents  rectified  by  the  6HI 
are  greatest  when  there  is  no  loai 
on  the  power  supply  and  when  tb 
control  is  set  for  maximum  out} 
voltage.  Under  these  conditions  tb 
direct  current  in  each  section  of  tl 
6H6  is  8  ma,  which  is  well  bek 
the  rating  for  the  tube.  The  p€i 
cathode-to-ground  voltage  and  ti 
peak  inverse  voltage  on  section  1 
are  only  about  120  volts,  which  i 
well  below  ratings,  assuring  relia 
operation. 


#'o#tsofl«lar«*<f  Radio'*  .^lodorn  .Jta*»  Pro~ 
dartion  Mothodm  i'aa  Sugtpli/  Sittnal 


w'orgtH  and  Othor  Hoadahoav  fait* 
in  QaamHio*  to  Vontrartor*. 


.  I 

^.ONSOLIDATED  RADIO 

350  W.  ERIE  ST.,  CHICAGO  10,  ILL. 


Balancing  Reverse  Current  Fh« 

The  current  through  potentiom 
ter  Ri  must  return  either  through  tl 
control  tube  or  the  load.  This  cu 
rent  is  in  the  reverse  direction  I 
the  principal  load  current  and  tent 
to  develop  a  small  reverse  voltai 
across  the  load  when  the  control 
turned  down.  This  is  remedied  fc 
finding  a  balance  between  R,  and  I 


laililafini 
CoMe  Fil 
FritjKoH 
TfWwfor 


PECTR( 


MITCHIU-RAND 

for 

S4  YIAM 

TNt  mcrmcAL 


k*- 


MIRAFLEX 

MIRATEN 

MIRALON 

MIRAGLAS 

MIRADIE 

Dielectric 
Strength  020  Wall 
Dry 

Wet 

750  VPM 

3  SO 

1 

1000  VPM 
1000 

1000  VPM 
1000 

850  VPM 
815 

Water  Absorption 
otter  34  hours 

1.5*A 

0.5 ‘A 

0.6% 

0.4*X. 

Tensile  Strength 
lbs.  per  sq.  in 

2.150 

4,000 

4,000 

3,000 

Life  of  10S<>  C. 

400  hrs. 

1,000  hrs. 

1.0C0  hrs 
( plus) 

Resistance  to 
Brittleness 

Does  not  become  brittle  or  shatter  at 
—40*  F.  —58*  F.  .  —50*  C. 

Wemeo  Oil  Test 
48  hours. — 100®  C. 

All  grades  possed  satisfactorily 

EST. 


1889 


FREE  FOR  YOUR  ASKING.  A  Sample  Cord  of  Varnished  Tubings;  samples  to  fit  sizes  from 
B&S  wire  '30  l.037''l  to  tO  (.33S’'l...a  Wall  Chart  with  quick  easy  to  read  reference  tables 
of  electrical  symbols,  capacity  of  conductors,  dielectric  averages  of  insulating  materials,  math¬ 
ematical  tables,  tap  drill  sizes,  standards  of  varnished  tubing  sizes  .  .  .  Wan  and  Compound 
Guide  Book  and  the  M-ft  Book  of  Electrical  Insulations. 

ALL  ARE  FREE  FOR  YOUR  ASKING  .  .  .  WRITE  FOR  THEM  ON  YOUR  LETTERHEAD 

r 

MITCHELL-RAND  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N.  Y. 


^•KWqlos  Vornished  Tope  and  Cloth 
i*l|flotinq  Popers  and  Twines 
CdMe  Filling  and  Pothead  Compounds 
Fr()i^n  Tope  and  Splice 
Tt4bftormer  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberglos  Braided  Sleeving 
Cotton  Tapes,  Webbings  and  Sleevings 
Impregnated  Varnish  Tubing 
Insulating  Varnishes  of  all  types 


1 
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Fiberglas  Saturated  Sleeving  and  Varnished  Tubing 

Asbestos  Sleeving  and  Tape 

Estruded  Plastic  Tubing 

Varnished  Cambric  Cloth  and  Tape 

Mica  Plate,  Tape,  Paper,  Cloth  and  Tubing 


Fig.  4 — CompUt*  power  mpplr  «ilh 
uum  tub*  Toltago  eoatrol 


such  that  the  control  tube  is  urvj 
completely  cut  off.  It  will  then  p 
enough  current  to  just  offset  the  bi! 
current  and  bring  the  terminal  vol 
age  down  to  zero  at  the  extreme  ta 
ting  of  the  control  potentiometer. 

Fig.  2  shows  the  control  char^ 
istics  with  three  tjrpical  loads.  Th« 
are  not  linear  but  their  slope  is  gu9 
cient  near  both  ends  so  that  ti 
control  is  reasonably  effective  at  ^ 
extremes.  This  is  convenient  f( 
work  where  it  is  desired  to  nia! 
fine  adjustments  of  voltage  throug! 
out  the  range.  Since  the  device 


ERCO  scores  again  with  this  highly  effi* 
cient  instrument  for  the  resonance  indica¬ 
tion  method  of  measurement  in  the  ultra- 
high  frequency  range  of  130  to  600  MC. 


This  dependable,  sensidve  indicator  meets  the  need  for  providing 
a  convenient  and  accurate  means  of  determining  resonance  in  oscil¬ 
lators  and  transmitters: 

STANDING  WAVE  RATIOS  TANK  CIRCUITS 

TRANSMISSION  LINES  COUPLING  DEVICES 

ANTENNA  SYSTEMS  MODULATION  INDICATION 


Ruggedly  constructed,  it  is  ideal  for  resonance  measurement  of 
transmitting  equipment  in  the  field  and  laboratory,  such  as: 

ABSOLUTE  ALTIMETERS  AIRPORT  TRAFFIC  CONTROL 

BLIND  LANDING  MARKERS  WEATHER  TELETYPE 

GLIDE  PATH  MARKERS  BROADCAST  RELAY  CIRCUITS 

Because  it  is  a  reedfier  type  vacuum  tube  voltmeter,  it  is  not  subject 
to  damage  by  severe  over-loads. 

The  MW-60  is  the  result  of  ERCO’S  specialized  engineering  knowl¬ 
edge  and  manufacture  of  custom  radio  communication  equipment. 
Serving  the  war  effort  today  ...  we  invite  inquiries  from  manufac¬ 
turers  planning  post-war  product  developments. 


control  is  used  for  vacuum  tui 
characteristic  tests,  it  is  convenia 
to  provide  a  constant  screen  .°uppl 
This  can  be  done  by  adding  a  voIUi 
regulator  tube  (VR105  or  VRIP 
connecting  it  with  a  suitable  sen 
resistor  to  a  point  ahead  of  the  coi 
trol  tube.  A  separate  output  tt’rmini 
must  then  be  provided  for  c^nnec 
ing  the  screen  circuit  across  the  V 
tube. 

A  considerable  number  of  thei 
supplies  have  been  built  for  use 
the  laboratory  of  the  Naval  Trsa 
ing  School  (Radio  Materiel),  (% 
cago,  Illinois,  where  they  have  bee 
in  use  for  many  months  and  h«i 
proved  very  useful  and  satisf actor] 


LITERATURE  ON  REQUEST 


ERCO  RADIO  LABORATORIES 


A  TOTAL  OF  144  AM  static 
plan  to  file  applications  for  FM  trs: 
mitters  when  the  war  ends  or  bstoi 
according  to  a  recent  G-E  survey. 


HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 
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IT 


Atlanta 

Baltimore 

Boston 

Buffalo 

Chicago 

Cincinnati 

Cleveland 

Dallas 

Denver 

Detroit 

Hartford 

Indianapolis 

Los  Angeles 


Minneapolis 

Montreal 

New  York 

Pittsburgh 

St.  Louis 

San  Francisco 

Seattle 

Syracuse 

Toronto 

Washington 


iHOCK-PROOl  RELHV  TRAI'S 

Here’s  a  relayon  which  the  contacts  won’t  operate  unintentionally— the  Struthers* 

Dunn  Type  17AXX,  especially  designed  for  rough  and  tumble  airplane  use.  It 
is  small  in  size,  light  in  weight.  It  meets  and  exceeds  all  specified  requirements 
for  this  type  of  unit.  For  instance,  actual  tests  have  shown  that  it  will  withstand 
an  acceleration  test  of  better  than  90  gravitational  units— or  from  eight  to  ten 
times  better  than  ordinary  ’’good”  relays.  This,  of  course,  means  that  all  com* 
ponents  are  exceptionally  rugged,  and  that  construction  of  the  entire  assembly 
is  designed  to  match  this  ruggedness.  Dunco  Type  17AXX  Relays  are  regularly 
supplied  with  series  coils  for  any  direct  current,  or  with  shunt  coils  for  use  on 
12*  or  24-volts  D.C. 


if  RUTHERS-DUnn,  Ini. 
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A  Thermostatic  Contro; 
System 

By  Jack  G.  Roof 

Oregon  State  College,  Corvallin.  Dr,, 

In  an  earlier  number  af 
journal  a  phototube  temi  erat;* 
regulator  is  described  by  WeinlaiH 
In  this  controller  the  emf  of 
thermocouple  is  balanced  out  by  ti 
voltage  drop  along  a  slide-vire  ^ 
tentiometer  attached  across  a 
tery.  Any  change  in  emf  of  tl 
thermocouple,  due  to  deviations  ■ 
furnace  temperature  from  that  c 
sired,  results  in  a  movement  of  a  ga 
vanometer  mirror  which  reflects 
beam  of  light  onto  one  of  two  phut 
tubes.  An  electrical  circuit  the 
either  turns  the  heater  off  or  e* 
depending  on  which  of  the  two  ph< » 
tubes  was  activated.  With  Wei; 
land’s  regulator,  “overshooting" 


FLEXIBLE  in  Range 
RIGID  in  pnality! 


★  WiLco  Thermometals  (thermostatic  bimetals)  have  the  flexibility  to 
meet  any  temperature  control  or  electrical  resistance  requirement — and  the 
queUity  to  maintain  a  tradition  of  excellence,  which  has  continued  unbroken 
for  more  than  a  quarter  of  a  century. 

★  Now  functioning  separately,  now  operating  in  conjunction  with  WiLCO 
Electrical  Contacts,  WiLco  Thermometals  are  helping  America  win  the  war 
of  the  air,  the  sea  and  the  land — helping  through  their  matchless  perform¬ 
ance  in  Oil  Temperature  control,  compensation  in  voltage  regulators,  and 
dependable  action  in  many  precision  instruments. 

★  Moreover,  WiLCO  Aeralloy  Electrical  Contact  Points  are  setting  HIGH 
standards  of  service  in  aircraft  magnetos.  Other  WiLCO  Electrical  Contacts 
are  in  tank,  gun  and  ship  applications — other  WiLco  Thermometals  in 
various  instruments  for  the  Army  and  Navy. 

★  A  SINGLE  SOURCE  OF  SUPPLY — Wilco  facilities  permit  manufac¬ 
turing  customers  to  secure  both  electrical  contacts  and  thermostatic  bimetal 
from  a  single  source.  This  is  important,  for  materials  from  these  two  groups 
are  frequently  used  in  conjunction,  as  parts  in  the  same  device.  The  most 
effective  use  of  one  necessitates  a  knowledge  of  the  other. 

Wilco  Products  Are;  Contacts  —  Silver,  Platinum,  Tungsten,  Alloys, 
Powder  Metal.  Thermostatic  Metal — High  and  Low  Temperature  with 
Electrical  Resistance  from  24  to  530  ohms  per  sq.  mil,-ft.  Precious  Metal 
Collector  Rings — For  rotating  controls.  Jacketed  Wire — Silver  on  Steel, 
Copper,  Invar,  or  other  combinations  requested. 


A  Wilco  sales  and  engineering  representa¬ 
tives  are  familiar  with  both  Electrical 
Contact  and  Thermometal  application. 
Send  us  your  problems  for  analysis. 

The  H.  a.  Wilson  Company 
105  Chestnut  St.,  Newark,  N.  J. 
Branches:  Chicago  ★  Detroit 
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SEPARATE  LEADS  AND  WIDER  PIN  SPACING 


make  these  RCA  eathode-ray  tubes 
useful  for  many  war  applications 


Cunipany 
Street  . . . 


TSe  Magic  Brain  of  All 
I'leclnmic  Equipment  Is  a 
T ube  —  and  the  Fountain- 
Head  of  Modern  Tube 
Derelopment  It  RCA. 


RCA 


TUNf  IN  "WHAT’S  NEWT" 
RCA's  great  new  show, 
Saturday  nights,  7  to  8, 
E.  W.  T.,  Blue  Network. 


TUBES 


RCA  Commercial  Engineering  Section 
Radio  Corporation  of  America 
509  South  5th  St.,  Harrison,  N.  J. 

Please  send  me  the  data  sheets  on  the  following  tubes: 

□  2AP1  □  3BP1  □  3EP1 

□  .5CP4  □  7CP1 


Name 


City. 


.State.  .  ■ 


RCA  Victor  Division  •  RADIO  CORPORATION  OF  AMERICA  •  Camden.  N.  1. 


Here  are  two  RCA  Cathode-Ray  tubes  that  will  fill  Ttiany  war  applirations.  Both  have  elertrostatir-deflertion  with  a 
separate  lead  for  earh  deflection  plate  and  for  the  cathode;  thus  balanced  deflection  cati  be  obtained.  New  base  designs, 
too.  with  wide  spacing  between  high-  and  low-voltage  leads.  Both  are  on  the  Army-Navy  Preferred  list. 


For  otlwr  iiRportait  usis  hire  an  three  outstanding  RCA  Cathode -ray  tubes 


RCA-3EP1/1806P1t  Similar  to  RCA-3BP1,  except:  a)  Neck  diameter 
is  1%  inches;  b)  Magnal  base;  c)  Cathode  connected  to  heater 
inside  of  the  tube. 


RCA-SCP4i  A  5-inch,  high-vacuum  tube  with  extra  high  voltage 
electrode,  (anode  No.  3).  Electrostatic  deflection  and  focusing.  Sep¬ 
arate  leads  to  all  electrodes.  White  fluorescence.  Medium  persistence. 
Neck  diameter,  2  inches.  Overall  length  17  inches.  Diheptal  base. 
Anode  No.  3  brought  out  to  snap  terminal  on  bulb. 


RCA-2AP1t  A  2-lnch  high- vacu¬ 
um  tube,  similar  to  the  RCA-902, 
but  with  separate  leads  to  all 
electrodes,  and  higher  anode 
voltage  rating.  Magnal  11-pin 
base. 


RCA-3BP1 :  A  3-inch  high- vacuum 
tube.  Electrostatic  focusing  and 
deflection.  Green  fluorescence. 
Medium  persistence.  Neck  diam¬ 
eter,  2  inches.  Overall  length,  10 
Inches.  Diheptal  base. 


RCA-7CP1/1811P1:  A  short,  7-inch,  high-vacuiun  tube.  Magnetic 
deflection.  Electrostatic  focusing.  Green  fluorescence.  Medium  per¬ 
sistence.  Neck  diameter,  1%  Inches.  Overall  length,  about  1314  inches. 
Octal  base.  Separate  leads  for  all  electrodes.  Anode  No.  2  brought 
out  to  snap  terminal  on  bulb. 


Gah^nom*f*r  ahum 
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‘PACKAGED 

PRODUCTION 


A  NEW  STRATEGY 


Hq.  1 — Comptot*  drcnit  of  therm 
control.  Light  from  tho  lamp  lo  rail 
to  ono  of  two  phototaboo  by  a 
golToaomotor  that  roojrondo  to  onhal 
in  tho  bridgo  circuit 

R,  and  Rt  should  be. of  a  material 
low  temperature  coefficient  to  avc 
the  necessity  of  thermostating  t 
at  room  temperature ;  nichrome 
considered  to  be  satisfactory. 

In  Weinland’s  circuit  a  change 
the  voltage  of  the  battery  opposi 
the  thermocouple  would  result  in 
change  in  the  temperature  at  whi 
the  regulator  was  working.  In 
Wheatstone  bridge  a  decrease  in 
tery  voltage  would  result  in 
creased  sensitivity  of  the  appara 
but  the  controlled  temperature  wo 
not  be  affected.  This  is  a  rather 
portant  item  in  using  a  regula 
over  a  long  period  of  time. 

The  sensitivity  of  the  Wheatst 
bridge  system  described  is  grea 
than  that  of  a  thermocouple.  For 
iron-constantan  couple  the  increm 
of  voltage  is  only  about  55  microrc 
per  degree  at  400  deg.  C  when 
load  is  drawn.  To  calculate  the  set 
tivity  obtainable  with  a  bridge,  c 
sider  the  temperature  coefficient 
nickel  wire.  The  resistance  r,  oi 
wire  at  temperature  f®  C  is  of 
expressed  as  an  empirical  funct 
of  t  and  r„  the  resistance  at  0* 
r.  -  r.  (1  +  al  +  ^ 

Differentiation  and  eliminatien 


FOR  BETTER  PRODUCTION 


We  created 'Tackaged  Production" 
especially  for  some  very  famous 
manufacturers  faced  with  hard-to- 
solve  war  production  problems.' 

Your  Metal  Fabrications:  Preci¬ 
sion  Machine  Work:  Electrical  & 
Mechanical  Assemblies  can  also 
be  accomplished  here  under  ex¬ 
ceptionally  up-to-date  facilities 
plus  carefully  engineered  methods 
and  closely  coordinated  controls. 
Whether  it’s  a  complete  product, 
or  an  urgently  needed  part,  all  the 
production  responsibilities  are  safe 
in  our  hands.  You  have  nothing  to 
worry  about  when  you  "Let  Lewyt 
Do  It."  If  prior  commitments  permit, 
we’ll  gladly  lend  you  a  hand. 


Only  the  gods  can  read  the  entire  electronic  polm, 
ei^neers  ore  learning  fast.  On  their  boards  already  afil''*«rdfi« 
derjjlfts^*  to  man^that  almost  stagger  the  imagiiicrtioi& 

Each  new  electronic  advance  calls  for  a  special  motor  or  gen- 
vbrator««aften  a  super-special  one.  Thot,  Implies  a  motor  builder 
in  position  to  work  out  the  exacting  power  problems  involved* 
Thot,  moons  Leland. 

^  Over  th#last  two  decades  Leland  has  emphosized  special  moto# 
^designs  In  many  fields— is  already  serving  electronics  In  a  score 
of  waysmehall  continue  to  do  so  as  special  drive  and  power 
Igpenerating  problems  arise  to  demand  special  engineering. 


Consult  Leland,  if  possible, 
forwarding  preliminary 
data  with  the  inquiry. 


FOR  BETTER  DESIGNED 
POWER  GENERATORS 


MMr  lUCTRI  C  COMPANY 


DAYTON,  OHf 
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/  m»g. 


+  2R,l, 

or  for  values  of  A  that  are  small  c 
pared  to  R  and  Rf 


AR{R-^  R.) 

If  the  sensitivity  of  the  galvan 
eter  is  given  in  terms  of 

R, 


The  Andrew  Company  is  a  pioneer  in  the 
manufacture  of  coaxial  cables  and  acces¬ 
sories.  The  entire  facilities  of  the  Engi¬ 
neering  Department  are  at  the  service  of 
users  of  radio  transmission  equipment. 
Catalog  of  complete  line  free  on  request. 

COAXIAL  CABLES 
ANTENNA  EQUIPMENT 


4R(R  +  fi.) 

With  applied  emf  of  1.5  v  i: 
Wheatstone  resistance  of  25  >  i" 
and  a  temperature  change  of  : 
degree  at  400  deg.  C,  a  galvanornrt 
!  with  coil  resistance  of  100  ob 
would  have  a  current  flow  of  al 
8  microamperes  or  a  voltage  dr 
of  about  800  microvolts  (compar 
to  55  microvolts  for  an  iron-c  ons 
tan  couple).  Galvanometers  in 
$25  price  range  (e.  g.,  the  Leeds 
Northrop  type  P)  have  sensitivi 
of  the  order  of  0.001  to  0.01  mi 
amperes  or  about  1.5  microvolts 
millimeter  at  one  meter.  One  de 
temperature  change  would  give 
'  flections  of  the  order  of  500  to  1 


/ 


if 


if'i 


OR 


YARD 


MILE 


9 


/if 


/i 


The  Andrew  glass  insulated 
terminal,  an  uniquely  suc¬ 
cessful  development,  may 
be  used  with  this  flexible 
cable  to  provide  a  gas 
tight  system. 


October  1943  —  ELECTROM' 


*Th»  Dl-Mer  Modml  80  (8" 
moMimum  blod*  »»*•}  it  avail¬ 
able  o*  (1)  a  basic  unit,  (2) 
with  ffc*  HVC1-I2  Katary  Table, 

(3)  with  the  Rolling  Table,  and 

(4)  with  Rolling  Table  and  HVC- 
12  Katary  Table  (illustrated 
tterewith).  The  lorg^  lAodel 
130  it  comparable  in  design 
and  characteristics  but  takes  a 
14"  blade,  maximum.  All  vari¬ 
ations  of  these  two  models  con¬ 
tain  the  felker  Hydraulic 
Ketardant.  Olfior  DI-MET 
machines  are  available  for 
specialised  applicationt. 
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mm.  If  this  were  the  limitir  ^  fact, 
temperature  regulation  of  l^le  ors 
of  ztO.Ol  deg.  would  be  poss  ble 
such  galvanometers  by  usiri>f 
tubes  only  0.5  meter  from  the  g 
vanometer  mirror.  The  8<  igitjy 
of  the  system  may  be  doul  led  ‘ 
having  two  opposite  arms  of  t 
bridge  serve  as  resistance 
mometers  in  the  bath  (i.  e., 
well  as  Ri). 

If  a  more  sensitive  galvf^nomet 
is  used,  or  even  to  protect  a  l( 
sensitive  one  while  approaching  t 
desired  temperature,  one  should  j 
shunts  across  the  galvanometer.  T 
multiple-contact  switch  should  be 
the  shorting  rather  than  the  nc 
shorting  type;  thus  one  will  ne? 
throw  the  full  emf  of  unbalai 
across  the  galvanometer  wb 
switching  from  one  shunt  to  anotln 

There  is  an  upper  limit  to  t 
temperature  at  which  a  resisiaii 
thermometer  may  be  used  becay 
of  its  oxidation  or  changes  in  insiij 
tion.  Nickel  permits  higher  tempei 
tures  than  does  iron,  while  platinii 
withstands  still  higher  temperatu?j 
but  at  the  expense  of  decidedly  loai 
temperature  coefficients.  The  seni 
tivity  of  response  is  greater  at  lo«i 
temperatures.  Nickel  wires  ha\ij 
resistance  of  26  ohms  at  the  specifii 
temperatures  would  have  the  folloi 
ing  coefficients  at  those  temp?! 
tures 


iniCIIH*  Gets  Confused 


Language  difficulties  lead  to  misunderstand¬ 
ings.  A  visitor,  seeing  a  display  of  Macallen 
mica  tubings  and  shaped  insulations,  asked 
Micah,  “ - how  come?” 

“We  mine  them”,  answered  Micah. 


Of  course,  mica  is  mined  but  the  little  fellow 
has  been  around  the  Macallen  plant  long  enough 
to  know  that  mica  takes  form  only  when  we 
apply  to  its  processing,  the  skill  and  inventive¬ 
ness  developed  in  more  than  fifty  years’  ex¬ 
perience. 

In  addition  to  war  work,  we  continue  our  re¬ 
search  and  production  for  industry,  especially 
for  your  requirements  in  electronics.  Our  en¬ 
gineers  understand  your  language  and  will 
gladly  reply,  competently  and  in  kind,  to  your 
inquiries. 

*MICAH  represents  the  high-grade 
mica  products  processed  by  Macallen. 
He  would  like  to  send  you  his  50th 
anniversary  book  —  Macallen  and 
Mica.  Your  name  and  address,  please? 

PRODUCTS 

Compressed  Sheets  —  Mica  Paper, 

Cloth,  Tape.  Heater  Plate,  Compressed 
Sheet  Tubing  —  Commutator  Insulation 

—  Compressed  Sheet  Washers  —  In- 
sulating  Joints  and  Canopy  Insulators  ^ 

—  Railway  Specialties  —  Domestic  and 

Imported  Raw  Mica.  Always  specify  L  L  E  H  Wj 

MACALLEN  MICA.  ■■  IHlI 


200  deg.  C — 0.084  ohm  f 
degree;  400  deg. — 0.062;  600  def< 
0.049. 

In  the  author's  use  of  this  co 
troller  full  benefit  of  the  possibiliti 
was  never  derived  due  to  the  hj| 
thermal  lag  of  the  air  space  betwe 
the  alundum-covered  heating  co 
and  the  iron  vessel  holding  t 
molten  lead.  The  lag  was  so  Ui 
that  a  low-resistance  shunt  was  w 
essary  across  the  galvanometer  | 
prevent  overly  large  swings  of  tM 
instrument.  The  extreme  variatioi 
in  temperature  as  measured  on  | 
iron-constantan  thermocouple  wil 
a  potentiometer  were  less  thi 
ztO.25  deg.  as  read  at  one-minute  i 
tervals  over  periods  of  one  hour. 
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(3)  "International  Critical  Tables,”  J. 
136,  1929,  McGraw-Hill  Hook  Co..  New  T< 
X.  Y. 

(4)  J,  C.  Maxwell,  "Treatise  on  Klectr- 
anil  Magnetism,"  Vol.  I,  Article  347,  1 
edition,  1881.  O.xford  Press. 

(5)  J.  R.  Roebuck,  J.  Opt.  8oc.  Am.i 
Rev.  8ci.  Inatr.  3,  p.  93,  1932. 
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Now,  while  Turner  Microphones  are  proving  of  inestimable  worth  on  war 
and  industrial  fronts,  Turner  engineers  are  diligently  developing  those  micro¬ 
phones  which  are  to  serve  mankind  in  the  dawning  "Air-Age”  of  the  world — 
the  age  when  communication  and  transportation  ride  the  sky-ways,  and  time 
and  space  shrivel  away. 

Microphones  will  take  on  new  shapes;  their  uses  will  be  multiplied  to 
mention  some  of  these  now  would  seem  fantastic.  But  of  this  you  can  be  sure: 
for  whatever  purposes  Turner  Microphones  are  being  developed,  they  will 
incorporate  those  principles  of  sound  engineering  which  have  gained  for  them 
the  overwhelming  preference  of  users  desiring  a  rugged  unit,  built  for  accuracy, 
utility,  dependable  intelligibility  and  freedom  from  distortion  under  any 
acoustic  or  climatic  condition. 

Today,  orders  are  being  filled  for  those  whose  needs  meet  priority  require¬ 
ments.  Send  now  for  your  free  copy  of  the  Turner  Microphone  Catalog. 
Fully  illustrated  in  color,  it  gives  complete  details  about  available  units,  as 
well  as  valuable  information  on  how  to  keep  your  present  mike  in  perfect 
operation. 

And  if  your  plans  for  the  future  include  communications,  feel  free  to  ask  our 
engineers  to  assist  you  in  those  plans.  Write  today  to  the  Turner  Co.,  Cedar 
Rapids,  Iowa. 


/ 


Wat«r-cool*d  r«ctili«rs  for  mosa  prod- ‘ 
of  mavnoaium  metal  ore  Inaulated  !i 
heat  exchongera,  ahown  oboTe,  by  so 
ploatlc  pipe 


A  rectifying  station  hois' 
twelve  rectifiers  and  a  similar  nu 
her  of  heat  exchangers  is  the  c«  n 
of  power  distribution  for  each  > 
building.  Power  for  the  plant 
supplied  at  120,000  volts  and 
stepped  down  by  a  group  of  ou> 
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Serving  the  Air  Routes  of  the  World 

...TODAY  and  TOMORROW 


established  passenger  and  cargo  airlines,  as  well  as  on 
'l  iiv  missions,  dependable  ennnnunications  an^  vital. 


"X  Aircraft  Radio,  Communication  Receivers,  Trans- 


iin  and  Airline  Radio  Etpiipment  have  servetl  b‘atling 
im‘s  for  many  years . . .  and  while,  today,  Wilcox  facil- 
'  are  geared  to  military  needs,  the  requirements  of  the 
"  ‘‘rcial  airlines  likewise  an;  being  handletl.  Look  to 
V  for  leadership  in  tlepcntlahle  communications’ 


WILCOX 

ELECTRIC  COMPANY 


Quality  Manufacturing 
of  Radio  Equipment 


14th  &  Chestnut 
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/  U  Types 

PLUGS  &  CONNECTORS 

ARMY  SIGNAL  CORPS  SPECIFICATIONS 


transformers  to  18,800  volts  befon 
feeding  rectifier  stations  where  c(^ 
version  to  600  volts  of  direct  ^  urre» 
takes  place. 

Heat  devefdped  in  the  pro  ess  q 
rectification  is  absorbed  by  wate 
jackets  in  each  rectifier  unit  and  I; 
carried  by  a  circulating  sys  em  I 
heat  exchangers  on  the  floor  beloi 
by  saran  pipe,  a  product  or'  Doy 
Chemical  Co.  The  insulating  prop«> 
ties  of  saran  pipe  prevent  the  605 
volt  potential  of  the  rectifier  way 
jackets  from  being  grounds 
through  the  heat  exchangers  to  tM 
water  system.  1 

When  the  magnesium  cells  areJ 
operation  heavy  leakage  current 
may  travel  to  ground  through  tli( 
walls  of  the  building.  To  preved 
this  loss  a  layer  of  1/16  inch  thid 
saran  sheet  was  placed  betweten  th 
bricks  of  the  walls,  about  six  fee 
above  ground,  and  between  the  metii 
joints  and  beams  in  the  buildio] 
during  construction. 


Remler  Facilities  and  Production 
Techniques  FreqnentlY  Permit 
Quotations  at  LOWER  PRICES 


Selenium  Rectifiers  for 
Tin  Plating 

Only  meacse  stocks  of  tin  were  n 
hand  when  the  enemy  obtained  cos 
trol  of  80  percent  of  the  world’s  tii 
supply,  but  the  electrolytic  method  ol 
deposition  of  tin  on  strip  steel  ht 
helped  conserve  the  dwindling  su; 
ply.  This  method,  which  had  bea 
developing  slowly  for  five  years  lx 
fore  the  war,  uses  only  about  os 
third  the  amount  of  tin  required  b 
other  methods  and  permits  contn 
over  the  thickness  of  the  coatisL 
High  values  of  direct  current,  ran^ 
ing  up  to  50,000  amperes,  are  neca 
sary  for  the  electrolytic  method 
These  currents  can  be  obtained  iron 
selenium  rectifiers,  according  to  i 
story  in  Vol.  21,  No.  2  of  Electric 
Communication. 

About  26  continuous  strip  milli 
are  being  installed  as  part  of  the  tk 
conservation  program.  In  these,  tin 
process  is  continuous  with  the  stri; 
operating  at  from  260  to  660  feet  pe*’ 
minute.  At  the  latter  speed  each  list 
requires  aproximately  48,000  to  6(1, • 
000  amperes  of  direct 


Remler  made  plugs  and  connectors  of  the  following  types 
are  used  by  more  than  fifty  concerns  engaged  in  manu¬ 
facturing  communications  equipment  for  the  U.  S.  Army 
Signal  Corps: 


Special  Designs  to  Order 

Remler  Tool  and  Die,  Plastic  A^olding  and  Automatic  Screw 
Machine  Divisions  are  equipped  to  manufacture  plugs  and 
connectors  of  special  design  in  large  quantities.  Submit 
specifications. 

Wire  or  felepAone  if  we  con  be  of  a$sittanco 

REMLEB  COMPANY,  LTD.  *  2101  Bryant  St  *  San  Francisco,  10 


curreBt 

Selenium  rectifiers  for  nine  of  tbt 
26  lines  are  being  built  by  Federt 
Telegraph  &  Radio  Corp.,  and  consi;: 
of  eighteen  7600-ampere  units,  thru 
6,000-ampere  units  and  three  8,001 
ampere  units,  making  a  total  of  151' 
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Exploring  A  New  Universe 


pHROUGH  those  small  round  win- 
1-  dows — observation  ports  of  an  RCA 
Icctron  Microscope — this  bacteriologist 
'•idying  influenza  virus — magnified 
i'*'  )  times! 

.'or  years  medical  research  men  have 
:e<I  to  fight  the  devastation  of  influenza 
:!!!ulf<ilded”  —  for  the  simple  reason 
lai  flu  germs  are  invisible  even  under 
It-  most  powerful  light  microscope.  But 
h\  invisible?  Why  couldn’t  this  virus 
“  seen?  The  answer  is-  -even  the  short¬ 
er  waves  of  visible  light  are  far  too 
"g  to  permit  seeing  anything  so  small, 
■tliiii::  so  infinitesimal  ever  was  seen — 
■  could  be  seen-  -prior  to  invention  of 
If  Electron  Microsr'ope. 

But  man  needs  to  see  these  smaller 
among  which  are  long-hidden 
'  of  many  diseases  destructive  to 


human  beings,  animals  and  plants.  Man 
peeds  to  be  able  to  peer  down,  down, 
down  into  molecular  structures — in  order 
to  learn  what  makes  rubber  behave  like 
rubber,  leather  like  leather,  wool  like 
wool,  lubricating  oil  like  lubricating  oil, 
or  metal  like  metal.  For  under  the  whip¬ 
lash  of  war  it  is  imperative  to  learn  now, 
not  tomorrow,  tvhy  one  kind  of  rubber, 
leather,  fiber,  oil  or  metal  is  more  elas¬ 
tic.  tougher,  stronger,  more  useful  than 
another. 

Every  branch  of  science  and  indus¬ 
try  can  benefit  through  proper  use  of  this 
extraordinary  microscope — which  util¬ 
izes  electrons  instead  of  light  for  illumi¬ 
nation.  The  RCA  Electron  Microscope  is 
only  one  of  many  RCA  applications  of 
electronics — the  art  of  harnessing  elec¬ 
trons  to  the  service  of  man.  Every  elec¬ 


tronic  device  of  every  kind  dcfn-nd-* 
basically  on  electron  tubes.  And  RC.\  is 
the  fountain-head  of  modem  electron 
tube  development. 

In  addition  to  our  armed  forces,  the 
list  of  industrial  firms  and  scientific  in¬ 
stitutions  now  U'ing  RCA  Electron 
Microscopes  reads  like  a  Blue  Book  of 
American  Industry  and  Science.  In¬ 
quiries  regarding  this  instrument  will 
be  welcomed  from  research  men  con¬ 
nected  with  similar  organizations,  and 
will  be  promptly  answered.  Address 
Department  131-76S.  RCA  Victor  Divi¬ 
sion.  Radio  Corp<iration  of  America, 
Camden,  N.  J. 


TUNE  IN  “WHAT’S  NEW?  * 

RCA's  great  new  show,  Saturday  nights, 
7  to  8,  E.  If .  T.,  Blue  Network. 


A  new  booklet— "RCA  Eltctkosics  Is  lsoLiTKY"—itniy  suggest 
electronic  appHtationt  important  to  your  business.  Free  on 
request.  Please  use  business  letterhead  uben  writing.  Address— 
Dept.  68-2H,  RCA  Victor  Division,  Radio  Corporation  of  .imer- 
ica,  Camden,  Sew  Jersey. 
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age  of  the  units  is  controll.d  j)y 
saturable-core  reactors  that  i  inuft 
a  variation  from  0.76  volts  to  12  volt*. 

The  rectifier  units  have  their 
selenium  plates  immersed  in  a  iqujj 
that  absorbs  heat  and  protects  th* 
plates  from  moisture  and  corjosi** 
fumes.  This  permits  locatin;.*  the 
rectifiers  near  the  plating  tank^  and 
reduces  the  amount  of  copper  r  ece*- 
sary  for  the  installation.  Further 
savings  of  copper  over  other  mean* 
of  converting  a-c  to  d-c  are  efi  ^ted 
because  of  the  small  copper  ccitent 
of  the  rectifiers. 


1.0ne  Central  Source. ..msfeoown,-,. 

2.  Largest  Stocks . ..  over  10,000  firm,  under 

on«  roof! 

3.  Simplified  ^ocorement...w.  do  rt  for  you  — 

save  you  time! 

4.  One  Order  Suffices- whoAor  for  on.  don. - 

or  a  hundred!  . 

5.  Fast  Shipment ...  our  Expodding  Division  .poods 

deUvery  of  your  order. 

Ceemwtcdk  WO  Hove  whot  you  need 

6.  Emergency  Ser^ce^.we  n 

...  or  know  where  to  get  it. 

7.  Constant  Contact...  An 

manufacturers...up-to-the-minute  suppy 

8.  All  Well  Known  Brands. ..from  A  to  Z! 

9.  Technical  Staff  ...to  holp  you  on  elecfronie  on 
radio  probiems!  ^ 

10.  Central  Location... d.  tho  h»ortj>f  Amorico s 

k  transportation  system! 


Classification  Chart  of  RCA 
Cathode-Ray  Tubes 


91.1  1  Green  6.S  $S0 

2AP1  t  Green  6.3  1100 

902  2  Green  6.3  660 

3AP1  3  Green  2.5  1650 

SAP4  3  White  2.5  1650 

3BP1  3  Green  6.3  2200 

3EP1  3  Green  6.3  2200 

SAP4  5  White  6.3  2200 

5BP1  5  Green  6.3  2200 

5BP4  5  White  6.3  2200 

5CP1  5  Green  6.3  2200 

5GP4  5  White  6  3  2200 

5HPI  5  Green  6.3  2200 

SHP4  5  White  6.3  2200 

905  5  Green  2.5  2200 

914  9  Green  2.5  7700 

908*  3  Bluish  2.5  1650 

907*  &  Bluish  2.5  2200 


Electrastatio-Magnetio  Deflection  Types 


1  nis  complete  centralized  service  is  a 
great  help  to  industry,  government. 
Armed  Forces.  It  simplifies  and  speeds 
procurement  of  everything  vital  for  lab¬ 
oratory,  maintenance,  production,  train¬ 
ing  and  combat.  Because  we  carry  the 
world's  largest  stocks  .  .  .  because  our 
personnel  is  geared  to  wartime  tempo 


M.iimetic  Defloction  Typos 


7AP4  7  White 

7CP1  7  Green 

9AP4  9  White 

I2AP4  12  White 


l<x>mwcop«s 


^■11  —Send for  today's  most 
complete  and  up  -  to.  date 
1943  BUYING  GUIDE. 


Mexi- 

Moeaio  mum 

Type  sise  Heater  Anode 

No.  indMs  Voltage  Volts  Use 

1847  IrVdia.  6.3  660  amateur 

1848  2m  X  3  6.3  1320  portahle  came 

1849  3Ax4*^  6.3  1320  film  pickup 

1850  3  iV'x  4jJ  6.3  1.120  studio  pirkup 


Over  10,000  Eieetronie  and  Radio  items 

Tubes 

Condensers 
Cepocifers 
Resisfors 
Rheesfets 
Coils 
Sockets 
Phefo  Cells 
Batferies 
Chargers 


Orthi<x>ns 


1 840  1  *4  X  2  A  6.3  330  film  and  studio 

pickup 


*  Short-persistence  screen.  All  others  have  me¬ 
dium  persistence. 

t  Rated  at  an  anode  No.  2  potential  of  one  kilo¬ 
volt  for  all  types  to  permit  oomparisoo.  Actual 
deflection  vatues  may  be  obtained  by  mnltiphr- 
ing  the  deflection  factor  given  above  by  tte 

*  'operaUng  anode  No.  2  voltage  in  kilovolts. 

t  On  basis  of  a  2  to  one  ratio  between  voltarei 
of  anode  No.  3  and  anode  No.  2. 


Generators 

Tools 
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Screen 

Max. 
Volts  on 

Deflse. 

Diam.  Fluo-  Heater 

Anode 

(in.)  rescence  V<dts 

No.  2 

Factort 

Mnctrustalic  Deflection  Types 

W' 


Can  you  use  this 


new 


.0004  — flexible  .material? 


In  developing  and  manufacturing  entirely  new  Electro-Voice  Microphones  our  engi¬ 
neers  hove  had  to  experiment  in  nearly  all  branches  of  the  scientific  arts.  About  a  year 
ago,  one  important  microphone  project  was  delayed  because  a  thin  and  extremely 
flexible  sheeting  material  was  not  available  commercially. 

Although  we  aren't  chemists,  we  finally  developed,  what  we  believe  to  be,  another 
Electro- Voice  "first"  ...  a  method  of  sheeting  a  flexible  material  to  as  thin  as  four 
ten-thousandths  of  an  inch.  It  is  a  material  that  can  be  stabilized,  and  one  that  will  retain 
all  of  its  characteristics  from  — 40*^?.  to  +  185°F. 

We  design  and  manufacture  microphones  .  .  .  have  been  doing  it  for  the  post  16  years 
.  .  .  and  we  intend  to  stick  to  our  own  field.  However,  if  you're  in  war  production  and 
con  use  this  new  material,  we'll  be  glad  to  save  you  the  time  and  trouble  of 
■l  developing  it  yourself.  Just  tell  us  how  much  you  need.  .  .  we'll  fill  your  order. 

Blood  donors  are  needed  immediately  ....  see  your  local  Red  Cross 

M  EiectfvD-Voice  miccophones 


LECTRO-VOICE  MANUFACTURING  CO.,  INC.  •  1239  SOUTH  BEND  AVENUE  •  SOUTH  BEND,  INDIANA 
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r  Coordination  of  effort  in 

buildingairplanes...inflyin{i 
them  over  the  skyways,  and  in 
landing  them  at  the  airports 
4r  of  the  world  is  the  secret  of  the 

*  fine  record  for  safe  flights  made  ~ 

hy  PAN-AMERICAN  airways. 

By  the  same  token,  the  use  of 
only  the  finest  quality  parts  in  build¬ 
ing  every  plane  and  in  constructing  the 
mechanisms  which  direct  its  comings 
and  goings,  is  another  very  intportant 
factor  in  promulgating  complete  safety. 

^  That  is  why  Thordarson  transformers 
were  selected  by  PAN-AMERICAN  airways 
for  important  uses  in  the  planes  themselves  as 
well  as  for  use  in  control  tower  operations, 
where  dependability  and  quality  of  material 
are  of  such  great  importance. 


CLECTmC  MFC.  COMPANY 

600  W.  HURON  ST.. CHICAGO. ILL. 


Microwave 

Plumbing 

(Continued  from  page  121  > 

a  double  stub.  The  single-tube  modri 
in  Fig.  20  very  successfully  cc  ibinq 
the  advantages  of  coaxial  and  par*;, 
lei  lines.  The  double-ended  i  irall^ 
line  tank  circuit  is  tuned  by  vonj. 
driven  pistons  within  the  cyliiidricil 
covers.  The  entire  outside  sur  .  ace « 
grounded,  leaving  only  the  fi  ^meni 
leads  at  high  potential.  Two  coaxi^ 
cables  have  their  inner  cond  icton 
coupled  to  the  plate  and  grid  side 
of  the  tank  respectively.  To^'ethg 
they  form  a  shielded  output  line 
which  is  suitable  for  coupling  ta 
center-driven  antenna  loads  withoig 
detectable  "currents  on  the  outside 
surface  of  the  oscillator.  A  variable- 
■  length  section  on  one  of  the  cable, 
j  adjusts  the  phases  of  the  currents  te 
be  opposite  where  connection  is  made 
to  the  parallel  line. 

Finally,  at  10  cm,  klystron  oscil- 
lators  are  used.  The  last  illustratio: 
shows  a  rear  view'  of  a  complete  kly¬ 
stron  installation  in  a  movable  cab¬ 
inet. 

REFERENCES 

(1)  Kins  n.  aiul  Blake,  Jr.,  F.  (!.,  ih; 
Self-Impedance  of  a  Symmetrical  .\uifbui 
Proe.  /.  K.  E..  SO,  p.  335.  July  11)42. 

(2)  King,  R.,  Coupleil  AnteniinH 
Transmission  Lines,  accepted  for  piildica'  c: 
in  Proc.  J,  R.  E. 


Registry 

Control 

(Continued  from  page  99) 

realized,  however,  that  as  the  spe<c 
of  operation  and  the  accuracy  re 
quired  become  more  critical,  there  b 
added  responsibility  on  the  part  c! 
the  packaging-machine  maker  te 
produce  a  machine  that  will  hold  i 
fairly  constant  tension  and  whici 
will  be  free  from  excessive  backlash. 

AII-EI*etro«ie  Ceafrolt 

An  almost  exact  electronic  t-quiva 
lent  of  the  magnetic  type  of  space 
and  speed  control  has  be’en  used  ob 
some  jobs  requiring  high  accuracy 
at  extreme  operating  speed  (1/W 
inch  at  400  fpm). 

A  disk  having  accurately-cut  sliti 
is  used  in  place  of  the  mechaniol 
j  cam  on  the  contact-type  rotary  se 
j  lector  swritch.  Light  is  projectel 
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CATALI 

F. 
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NSULATORS 


wh: 

'  spa  - 

sed  p' 

(1  64 
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hanicil 


''fony  commonly  used  insulating  materials  function  periectiy  in  low  frequency  circuits  such  os  audio,  60 
lycle  power  or  even  the  lower  radio  frequencies.  These  some  materials  at  medium  or  high  radio  frequencies 
ici  as  high  resistances  to  waste  precious  R.  F.  Many  porcelains,  steatites,  glasses  and  similar  materials 
lovo  this  fault  and  only  tests  under  laboratory  conditions  will  detect  it.  Johnson  insulators  were  not  only 
}e<;!gned  for  high  R.  F.  but  the  materials  were  selected  only  after  exhaustive  tests  to  determine  the  best. 
!^ctn  you  afford  to  take  chances?  Demand  the  best — they  cost  no  more — specify  Johnson. 


CATALOG  967D 


JOHNSON 


'amou6  name 


p.  F.  JOHNSON  COMPANY  •  WASECA  •  MINNESOTA 
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through  these  slits  so  it  is  r 
by  two  phototubes,  which,  wit'i  the  ■ 
accompanying  amplifiers,  act  in  ven 
much  the  same  manner  as  the  foj! 
ward  and  reverse  contacts  oi,  a  ra 
tary  selector  switch. 

The  signals  from  the  web  r  gist, 
mark  and  the  disk  are  compared  bt 
“mixer”  tubes,  which  are  U8U4n, 
pentodes  using  both  No.  1  and  Noj 
grids  for  control.  The  field  of  th? 
correcting  generator  is  supplied  b; 
power  tubes  that  operate  in  p.  rallri 
The  element  that  permits  a  coiapar# 
tively  constant  speed  to  be  heln 
(equivalent  to  the  motor-drivei  rhec 
stat  in  the  magnetic  device)  ig  ^ 
large  capacitor  that  is  charged  or 
discharged  quite  slowly.  A  spa*; 
change  is  obtained  from  a  sma!!f: 
capacitor  in  series,  one  which  may  bo 
charged  or  discharged  quickly  by  tb^ 
output  of  the  mixer  tubes.  Therefore, 
if  given  sufficient  time,  even  the  lar^e 
capacitor  is  always  discharged  to  it- 
initial  state,  and  it  is  possible  to  have 
a  preset  control  that  will  permi: 
starting  of  the  equipment  with  the 
optimum  generator  field  current. 

This  type  of  equipment  has  some 
advantages  where  the  register  matK- 
are  spaced  comparatively  far  apar: 
(24  inches  or  greater)  and  where 
the  machine  speed  may  vary  over  a 
I  wide  range.  However,  it  ha.s  the 
j  same  requirements  as  the  magnetic 
space  and  speed  control,  in  that  the 
differential  generator  must  be  driven 
I  from  the  packaging  machine  itsti' 
and  d-c  must  be  supplied  for  field 
excitation. 

For  equipment  which  is  operate 
at  a  more  uniform  speed,  and  wher 
register  marks  are  spaced  fain 
close  together  (less  than  4  inches 
apart),  a  newer  type  of  all-elet  tvnn 
register  control  offers  a  number  of 
,  advantages.  The  control  make.s  use 
!  of  a  high-speed  d-c  exciter,  called  an 
“amplidyne”.  This  permits  exi  i  •  mel; 
fast  response  and  high  accuracy,  and 
eliminates  the  need  for  a  machine- 
driven  generator.  Since  amplidyne 
fields  require  only  a  fraction  of  the 
power  required  for  the  conventional 
generator,  a  smaller  and  less  expen- 
I  sive  control  panel  can  be  used. 


•  •  •  hut  the  first  |Hirtuble  rudiu  was  just  as  amazing  in  its  time  as  the 
electronic  wonders  that  are  helping  win  the  war  ttnlay  .  .  .  and  will 
helpj/oM  win  business  battles  tomorrow!  When  you  neetl  help  on  electronic  applications 
to  your  product  or  proc*ess,  rememlH*r  Operadio  built  the  first  commercial  |)ortal>le 
radio,  was  head-over-heels  in  engineering  ami  practical  manufacturing  years  l)eforc 
imxst  people  even  heard  the  word  “electronics!”  ()j>eradii>  has  l>een  cs)ntinuously 
developing  electronic  products  for  other  imlustries.  .\t  0]K*radio  it's  war  work  t^alay 
.  .  .  your  electronic  problem  tomorrow! 


OVER  20,000  short-wave  radio  re¬ 
ceivers  are  now  being  used  by  our 
armed  forces  overseas  for  entertaiu- 
ment  purposes,  along  with  about  500- 
000  phonograph  records. 


OPERADIO  MANUFACTURING  COMPANY,  ST.  CHARLES,  ILL 

SYMBOl  OF  f!fCr»ON(C  fXCEllfNCf  SINCE  1922 
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OPERATING 

CHARACTERISTICS 

B  and  G  SensitivG  and  CIosg 
Diffarentlal  Rnlays  arn  mad# 
in  Single  Pole  Single  Throw, 
Normally  Open  .  .  .  Single 
Pole  Single  Throw,  Normally 
Closed . . .  and . . .  Single  Pole 
Double  Throw.  -f, 


K  J  S/4  K  I  s/4 

Wisirt.:  «-»*/*••«•* 

B-7  •uncM 


lllll 


r 


■r 


RELAYS 


Ruggedness  and  Sensitivity  are  built  into 
Allied’s  B  and  6  Sensitive  and  Close  Differen¬ 
tial  Relays.  These  essential  factors,  Stamina 
and  Lightning  Response,  enable  B  and  6 
Relays  to  withstand  the  grueling  punishment 
of  use  in  air,  sea  and  land  ecjuipment. 

B  Relays  have  precision  bearings  with  stain¬ 
less  steel  shafts.  G  Relays  have  watch  type 
pivoted  bearings.  These  exclusive  features 
keep  operating  friction  to  a  minimum. 

B  and  G  Relays  are  designed  to  meet  Army, 
Navy  and  CAA  specifications . . .  shock  and 
vibration  .  .  .  temperature  .  .  .  humidity .  .  . 
salt  spray ,  ,  .  etc. 
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COMMUNICATIONS  ENGINEER 


Quanlilalive  measurements  of  the  performance  of  electrical  circuits  depend 
upon  instruments  for  the  measurement  of  voltage,  current  and  power. 
Limited-range,  single-frequency  instruments  are  adequate  at  power  fre¬ 
quencies,  but  measurements  at  communication  frequencies  require  spe¬ 
cialized  types  covering  wide  ranges  of  frequency  and  voltage. 

Since  1915,  the  General  Radio  Company  has  been  building  these  special- 
purpose  meters  for  the  communications  industry.  The  present  line  includes 
Ixjtli  copper-oxide  and  vacuum-tube  types  covering  a  frequency  range  from 
d-c  to  ultra-high  radio  frequencies,  and  a  voltage  range  from  50  millivolts 
to  300  volts. 

In  war  time  as  well  as  in  peace,  the  leading  communication  laboratories 
are  equipped  with  General  Radio  instruments,  backed  by  28  years  of  ex¬ 
perience  in  designing  and  building  high-quality  apparatus. 


Because  all  our  facilities  are  devoted  to  war  projects^ 
these  meters  are  at  present  available  only  for  war  work. 


GENERAL  RADIO  COMPANY 

Cambridge  39,  Massachusetts 


NEW  YORK  6 


LOS  ANGELES  38 


Moving  WJZ 


(Continued  from  page  101) 


the  necessary  2400-volt  powi.r  lin, 
with  duplicate  power  facilities  if 
sible  and  with  telephone  lines  ar 
water  mains  nearby.  This  n  eanti 
site  near  a  town,  yet  many  of  th 
conununities  in  northern  New  Jers? 
are  now  zoned  for  residential  pijj 
poses  only. 

Proximity  to  airports  also  had 
be  considered.  CAA  requirirnnp 
specify  a  lane  2500  ft  wide  at  a  du 
tance  of  two  miles  from  the  airpw 
for  manual  landing  and  a  lane  4[>a 
ft  wide  for  instrument  landinj 
with  no  transmitting  towers  p«! 
mitted  in  existing  or  proposed  lane 

The  time  element  was  also  imp 
tant,  with  the  move  scheduled  f(j 
completion  by  the  end  of  this  y« 
so  that  the  short-wave  transmitt/ 
could  be  placed  in  operation  as 
as  possible  after  they  were  built 

AdvoRfagM  of  Fiaol  Sit* 

The  final  decision  went  to  a  siti 
near  the  town  of  Lodi,  New  Jers 
This  site  was  far  enough  away  fro; 
other  stations  to  prevent  serious  rij 
radiation,  and  did  not  require 
great  a  transmission  angle  thruu^i 
Manhattan  to  Brookl]m.  It  hadi 
2400- volt  power  line  only  one  li 
away,  with  city  water  mains 
block  away  and  telephone  lines  ti 
blocks  away.  All  other  factors  wei 
equally  favorable  for  present  nee^ 

With  the  WJZ  transmitter 
Bound  Brook,  an  estimated  half-tr.I 
lion  people  were  within  the  SO-inij 


I  you 
ed  ( 
his  hi 
I  b 
'  •<>' 


tSTIMATtD  CONTOURS 

SIG\\LiyrEN'Sin-SX\TK)N 

^  lO  000  warra  7TO  lUUPCTCUt 

NEW  YONK 

ACT  PROPOSeO  LODI,  N.  J.  SITlJ 


N*w  York  Qty  will  got  hotter  thon  t 
miliYolto  when  WIZ  ii  in  its  now  locolk 
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YOU  DESIGN  IT... 
WE'LL  MAKE  IT! 


NORRISTOWN,  PENNSYLVANIA 
OFFICES  IN  PRINCIPAL  CITIES 
PACIFIC  COAST  HEADQUARTERS)  544  S.  SAN  PEDRO  ST..  LOS  ANGELES 

LAMINATED  PLASTICS:  VULCANIZED  FIBRE  •  PHENOL  FIBRE 

SHEETS,  RODS,  TUBES,  AND  FABRICATED  PARTS 
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There  are,  of  course,  certain  limitations  as  to  what  can  be  made  of  Vulcanized  or  Phenol 
Fibre.  But  those  limitations  are  probably  much  less  than  you  think!  If  you  are  now 
wrestling  with  a  problem  that  calls  for  speedy  production  of  a  strong,  tough,  light¬ 
weight,  economical  part  with  high  dielectric  strength,  resistance  to  extreme  tempera¬ 
tures  and  to  chemical  action.  Take  it  to  Taylor. 

In  the  industry’s  most  modem  plant,  straightline  production,  from  the  manufacture  or 
processing  of  the  raw  materials  to  the  finished  product  itself,  assures  production- 
economies  and  quality-control  that  result  in  many  a  modern  manufacturing  miracle. 
This  Verifibre  Process,  in  which  Taylor  Fibre  is  checked  and  verified  at  every  step  in 
production,  produces  a  product  of  dependable  and  uniform  quality. 

With  your  blueprints  before  us,  we  can  tell  you  in  a  jiffy  how  we  can  help  you. 
Let’s  talk  it  over. 


yov  think  of  Phonol  Fibro  at  a  plattk  that  con  bo 
ed  only  for  tho  timplor  types  of  insulation,  look  at 
is  high-flnished  radio  slider  tbot  is  drilled,  slotted, 
'd  beveled  Mo  just  about  os  complicated  a  piece 
equipment  os  youH  And  in  any  electrical  device, 
.lior  ingenuity  ond  Taylor  eqsiipment  turn  out  such 
'^ei  by  the  thousands  at  remarkably  low  cost, 
'ore  you  decide  "it  can't  be  done,”  Take  it  to  Taylor. 


i 


OUR  ENGINEERING  DEPARTMENT  WILL  COOPERATE  IN  THE 
DEVELOPMENT  OF  ANY  SPECIAL  ITEM  TO  MEET  YOUR 
REQUIREMENTS. 


Ti^c  VHauinie4.  and 


WILLOR 


Sgt.  Verlin  C.  Blackwell,  of  Miami.  Fla 
aenda  out  a  meaaaga  from  o  South  Padiic 
baae  while  "Oacar"  a  pet  wallaby  liatm 
to  the  reply  coming  from  the  apeoke 
abore  hia  head 


MANUFACTURING 
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Housed  within  four  .  daylit 
floors  is  a  modernly  equipped 
tool  and  die  shop,  and  every 
facility  for  fabrication  from 
raw  stock  to  shining  finished 
product  of  such  items  as: 

METAL  STAMPINGS  .  .  . 

Chassis,  radio  parts,  cans,  and 
special  stampings  to  specifico* 
tions 

MACHINE  WORK  .  .  . 

Turret  lathe,  automatic  screw 
machine  parts  and  products 
from  bar  stock  to  castings 

LAMINATIONS  .  .  . 

Scrapless  E  &  f  type  ranging 
from  W  to  core  size. 

Many  other  types  and  sizes. 
Laminations  made  to  your  spe¬ 
cifications 

PANEL  BOARDS  .  .  . 

Bakelite  items  from  dial  faces 
to  24"  panels  machined  and 
engraved  to  specifications 

PLASTIC  PARTS  .  .  . 

From  sheets  and  rods  to  any 
specification 

MECHANICAL 
INSTRUMENTS  .  .  . 

Line  production  checking 
equipment,  jigs  and  tools 

ELECTRICAL 
INSTRUMENTS  .  .  . 

Switch  boxs,  lighting  fixtures, 
etc. 


volt  signal  strength  contoui. 
Lodi,  it  is  estimated  that  this  sam^ 
contour  will  include  approxi  natdj 
eight  million  people,  with  oth^r  con. 
tours  showing  equally  favorable  ij. 

creases.  (Measured  old  contours  and 

estimated  new  contours  are  shown  on 
the  front  cover.) 

Although  practically  all  the  large 
broadcast  stations  serving  the  New 
York  City  area  have  improved  their 
coverage  by  moving  their  tra  .smit 
ters  to  new  sites  and  by  incr-  asing 
power  during  the  last  ten  years,  WJZ 
remained  35  miles  outside  the  city  all 
that  time  awaiting  FCC  approval  of 
its  request  to  use  a  600-kw  rang- 
mitter  built  by  RCA.  Future  pro*, 
pects  for  such  power  beipg  rather 
nebulous,  a  move  to  a  close-in  loca. 
tion  more  appropriate  to  a 
station  offers  a  substantia  increase 
in  signal  strength  with  the  present 
power. 

Moving  Plans 

With  WJZ  operating  on  a  24-hour- 
a-day  .schedule  and  with  wartime 
shortages  precluding  erection  of  a 
complete  new  tower  and  transmitter, 
moving  plans  had  to  meet  the  prime 
requirement  that  there  be  no  loss  of 
air  time.  Carefully  planned  steps 
are  involved  in  transferring  opera¬ 
tions  from  Bound  Brook  to  Lodi 
while  meeting  this  requirement. 

First  of  all,  the  site  at  Lodi  will 
be  prepared  and  the  complete  new 
transmitter  building  erected.  This 
will  be  of  modern  single-story  desip. 

Secondly,  the  50-kw  broadcast 
transmitter  at  Bound  Brook  will  be 
connected  to  its  present  auxiliary 
antenna,  permitting  dismantling  of 


“OSCAR”  LEARNS  RADIO 


'A 


U 


made  this  possible! 


jl  You  are  looking  at  an  after- war  scene  made 

possible  by  a  tuU  ...  a  15  inch  Cathode  ray 
^  ■  y  tube!  For  within  this  high  powered  "heart 

and  brain”  of  television  is  marshalled  the 
electronic  energy  which  has  already  thrilled  theatre  audiences 
with  televised  projections  on  full  size  (15  foot  x  20  foot) 
theatre  screens.  We  can  look  forward  to  these  coming 
events  which  would  even  now  be  in  full  swing  but  for 
the  more  serious  obligations  of  Science  to  National  War 
Emergency.  Today,  all  of  RAULAND  engineering  resources 
are  at  work  for  our  war  effort  but  RAULAND  sights  are 
set  ahead  to  serve  industry  in  the  new  days  to  come. 


RADIO. ..SOUfID... 


^^dtuldind 


...COMMUNICATIONS 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  .  .  .  CHICAGO,  ILLINOIS 

uy  War  Bonds  and  Stamps!  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bondi 
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RADIO  LANDING  FOR 
PLANES 


This  mobil*  airport  radio  equipment  of  w 
CItU  Aeronoutlci  Adminietration  U  in  s* 
ot  oirporti  to  proTide  o  eofe.  eure  landiM 
of  plonee 
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the  time  the  main  50-kw  transmittJ 
is  being  moved.  (At  Bound  Bro'.l 
emergency  operation  of  the  auxiliar 
transmitter  was  obtained  by  shuttir^ 
down  one  of  the  short-wave  tra 
mitters  at  the  site  and  using  1'; 
rectifier  and  modulator  in  conne 
tion  with  the  auxiliary  r-f  amplif 
and  oscillator.  The  short-wave  equi; 
ment  is  now  in  continuous  use  a 
hence  could  not  be  moved.) 

When  the  10-kw  job  is  comple; 
at  Lodi  and  connected  to  the  640-fc 
tower  and  to  program  lines,  WJZ  u 
begin  broadcasting  from  Lodi  at  t- 
reduced  power  of  10  kilowatts. 

Finally,  the  existing  50-kw  broa 
cast  transmitter  at  Bound  Brook  w 
be  moved  to  Lodi,  installed  in  t; 
new  building  and  connected  to  i‘ 
original  640-ft  tower.  This  will  ci  !; 
plete  the  moving  job  and  place  WJ 
on  the  air  again  with  its  norn 
50-kw  power. — J.  M. 
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PHOTOSWIT^irDvides  modern  in 


dustry  with  more  than  50d types  of 
electronic  CONTROLS  for 


TIMING 

Photofwitch  Timers  are  universal  for 
time  delay  and  interval  timing  from 
.OS  sec.  to  two  minutes.  Extensively 
used  on  Injection  Moulding  Machines, 
X-Ray  Apparatus,  Automatic  Spraving 
Equipment,  Process  Control,  Automatic 
Machine  Tools,  Welding  Equipment, 
Embossing  Presses,  Automatic  Ship 
Whistle  Control,  etc.  Electronic  opera¬ 
tion  eliminates  moving  parts,  friction, 
wear  —  guarantees  unlimited-life  ac¬ 
curacy.  Reference  Bulletin  901  A. 


LIQUID  LEVEL 


toiwitch  ^evel  Controls  are 
dtrd  equipment  on  pumps, 
5,  stills,  rMiIgcratin'  systems, 
;  ^  control  level  of  any  liquid 
I  powder)  eUctronically.  Control 
flostless  — «nly  metal  probe 
p  x'ts  matiM'  il.  Liquid  itself,  as 
;'<es  or  breaks  contact  with 
e  tip,  electronic  con- 

relay —  aur-Y^^tically  operates 
!i.  valves,  Bumps.  Reference 
etin  1100.  \ 


(ii  .I'T; 
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TURBIDITY 

Photoswitch  Controls  are  adaptable  to 
practically  all  tqrbidity  problems  (even 
when  transparency  is  very  low)  — 
actually  “sec”  through  liquids,  report¬ 
ing  minute  turbidity  changes  invisible 
to  human  eye.  Densometer  in  control 
circuit  gives  continuous  meter  indica¬ 
tion  of  turbidity  change.  Sensitivity  ad¬ 
justment  on  control  may  be  set  so  that 
relay  will  flash  signal,  sound  alarm, 
operate  valves  or  pumps  —  at  any  pre¬ 
determined  degree  of  turbidity.  Refer¬ 
ence  Bulletin  3 IS. 
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ELECTRIC  EYE 

Photoswitch  Type  AIS  is  one  of 
a  wide  variety  of  photoelectric 
controls  available  for  hundreds  of 
machinery  applications.  Beam  of 
light  is  projected  across  conveyor, 
bed  of  machine,  or  any  area  to 
be  controlled,  to  the  photoelectric 
control.  Objects  breaking  beam 
actuate  relay  —  operating  electri¬ 
cal  counter,  machinery  safeguard, 
stop  motion  mechanism,  etc.  Ref¬ 
erence  Bulletins  310  and  312. 


fiiitU 


PILOT  RELAY 

Photoswitch  Pilot  Relays  make  possible 
the  control  of  large  currents  by  delicate 
mechanisms,  or  extremely  light  contact 
pressure.  Used  on  textile  looms,  warp¬ 
ers  and  winders  —  also  on  paper  process¬ 
ing  equipment  for  stop  motion  control  on 
break  detection.  Monitors  feed,  keeps  pro¬ 
duction  count,  on  automatic  punch  pressca 
—  also  used  as  limit  switch  on  machine 
tools.  Reference  Bulletin  900 A. 


s  (or  Spieial  Bulletiis  dt$cribin|  any  or 
ol  tha  Pliatoswiteh  Controls  lllustratad. 


PHOTOSWITCH  Photoelectric  and  Electronic  Controls  provide  completely  auto¬ 
matic  machine  operation,  release  needed  manpower,  speed  war  production 
—  can  be  incorporated  in  the  design  of  any  electrically  operated  machine, 
or  can  be  quickly  and  easily  installed  on  machinery  already  in  operation.  The 
engineering  staff  of  Photoswitch  Incorporated  will  welcome  the  opportunity 
to  assist  in  the  solution  of  your  automatic  control  problems.  Write  today  for 
further  details  on  standard  PHOTOSWITCH  equipment,  or  for  recom¬ 
mendations  on  how  PHOTOSWITCH  controls  can  be  adapted  to  meet 
your  specific  requirements. 


nt  ol  till  f 
Is  in  1*1 
I  landinil 
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PHOTOSWITCH  INCORPORATED 

PHOTOELECTRIC  t  ElEaRONIC  CONTROLS  FOR  EVERY  INDUSTRIAL  PURPOSE 

CAMBRIDGE,  MASS.  •  District  Offices  IN  ALL  PRINCIPAL  CITIES 


THE  ELECTRON  ART 


Geiger  Counter  Tube  for  Soft  Radiations . 

Elongation  Recorders  for  Single  Textile  Fibers .... 
New  Signal  Converter  Tubes  for  Television  Circuits 
Velocity  of  Radio  Waves . 
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192 

198 

206 


counter  tube.  For  example,  <>f  the 
soft  radiation  of  Fe“,  55  p  rcent 
penetrates  a  mica  window  of  O.Ol 
mm,  30  percent  penetrates  a  mica 
window  of  0.02  mm,  while  onlyr  two 
percent  penetrates  the  thinnest  metal 
walls  of  0.1  mm  thickness. 

Construction  of  the  Tub* 


The  tube  consists  of  a  metal  cylin. 


der  with  a  broad  metal  flange  at  ( 
end  to  which  the  mica  window 


Geiger  Counter  Tube 
for  Soft  Radiations 

A  MICA-WINDOW  Geiger  counter  tube, 
which  combines  the  speed  of  a  metal- 
walled  tube  with  a  sensitivity  to  soft 
radiations  comparable  to  that  of 
screen-walled  tubes,  is  described  by 
D.  H.  Copp  and  D.  M.  Greenberg  in 
the  Review  of  Scientific  Instruments 
for  July,  1943.  It  consists  of  a 
treated  metal  cylinder  covered  at 
one  end  by  a  thin  sheet  of  mica  and 
at  the  other  end  by  a  glass  bell  with  a 
central  capillary.  Through  this  ca¬ 
pillary  is  sealed  a  piece  of  8-mil 
tungsten  wire  with  a  drop  of  glass 
fused  over  the  end.  The  tube  is  op¬ 
erated  at  a  pressure  of  10  cm  of 
mercury  with  a  mixture  of  10-per¬ 
cent  ethanol  and  90-percent  argon. 

Artificially  induced  radioactive  iso¬ 
topes  are  usually  determined  with  an 
electroscope,  electrometer,  or  glass  or 
metal-walled  Geiger  counter  tube. 
Unfortunately  the  radioactive  iso¬ 
topes  of  some  of  the  important  bio¬ 
logical  elements,  such  as  Na",  S*, 
Ca“,  and  Fe**,  have  radiations  which 
are  too  soft  to  penetrate  the  metal  or 
glass  walls  of  such  counters.  To 
measure  such  weak  radiations  a 
screen-walled  counter  has  been  de¬ 
vised  by  Libby  and  his  associates.^ 
Since  each  sample  must  be  mounted 
inside  the  tube,  and  the  tube  evacu¬ 
ated  and  filled  with  an  appropriate 
gas  mixture  before  the  radioactivity 
may  be  determined,  the  method  is 
very  time-consuming  and  a  serious 
disadvantage  in  measurement  of  a 
large  number  of  samples. 

To  overcome  this  disadvantage  a 
counter  with  a  mica  window  was 
adapted  from  that  designed  by  R.  W. 
Dodson  of  the  California  Institute  of 
Technology.  Very  thin  mica  win¬ 
dows,  which  absorb  only  part  of  the 
soft  radiations,  still  have  sufficient 
tensile  strength  to  maintain  the 
low  pressure  employed  within  the 


Construction  oi  mica-window  (3«igsr  coun¬ 
ter  tube  for  soft  radiations.  The  diameter 
of  the  metal  flanqe  at  the  bottom  of  the 
tube  is  75  mm  ond  the  fiber  ring  is  12  cm 
in  diameter  and  1  cm  thick 


sealed.  The  other  end  of  the  cylinder 
is  closed  by  a  glass  bell  with  a  vac¬ 
uum  seal  stopcock  and  a  central 
capillary.  Through  this  capillary  h 
sealed  a  straight  piece  of  8-mil  lung- 
sten  wire,  which  extends  almost  to 
the  mica  window  but  does  not  touch 
it.  A  small  drop  of  glass  is  fused 
over  the  end  of  this  wire  so  that  the 
tube  will  not  act  as  a  point  counter 
The  metal  cylinder  may  be  madej 
of  brass,  steel,  or  copper.  Best  re¬ 
sults  were  obtained  with  copper  tubes 
which  received  a  special  treatment 
with  NO„  described  in  detail  in  the 
paper.  Sheets  of  high-grade  mica 
were  split  with  a  fine  needle  having  a 
drop  of  water  around  it  for  the  win¬ 
dow.  For  a  tube  of  the  size  shown  in 
the  illustration,  mica  of  about  0.02 
mm  thickness  and  weighing  about 
5  mg  per  sq  cm  has  been  found  .satis¬ 
factory.  With  smaller  tubes  even 


DIRECTING  BEACH  TRAFFIC 


Th«  NotoI  Beach  PortiM  ore  practically  the  lint  to  be  oehore  when  a  British 
inTOsion  spearhead  i>  made.  Here,  such  a  Noral  Beach  Party  is  directing 
operations  of  beach  traffic  from  what  we  hare  been  told  is  o  "loud  boiler" 
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Your  "Answer  Book”  to  Resistance  Problems 


Electronic  Engineers  everywhere  have  been  using  Ohmite  Catalog ’*40” 
as  their  guide-book  on  resistance  problems.  They  have  found  it  an 
indispensable  source  of  information.  Its  96  pages  are  packed  full  of 
helpful  engineering  data,  dimensional  drawings,  useful  reference  tables, 
charts,  and  a  manual  of  resistance  measurements.  Catalog  "40”  gives 
details  on  the  wide  range  of  Ohmite  types  and  sizes  in  resistors,  rheostats 
chokes,  tap  switches  and  attenuators . . .  both  stock  and  special  units . . . 
for  all  types  of  applications  in  the  Armed  Forces  and  in  Industry. 

Catalog  ”40”  explaines  how  to  select  the  right  units  for  each  need.  It 
can  help  you  in  designing  new  devices  for  a  new  tomorrow. 

Ohmite  Engineers  are  glad  to  work  with  you.  i 


OHMITE  MANUFACTURING  COMPANY  i 

•  • 

4816  Flournoy  Street,  Chicago  44,  Illinois  -W 
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thinner  mica  windows  may  be  used. 

To  seal  the  mica  in  place  the  metal 
flange  is  heated  with  a  Bunsen 
burner  and  a  thin  coating  of  De 
Khotinsky  cement  spread  over  it. 
The  mica  is  pressed  down  on  the 
melted  cement,  care  being  taken  to 
maintain  even  contact  while  the 
cement  cools  and  sets.  The  glass 
bell  is  placed  over  the  other  end  and 
the  tungsten  wires  adjusted  so  that 
the  glass  bead  at  the  tip  is  1  to  2 
mm  above  the  mica.  They  are  then 
sealed  in  place  with  De  Khotinsky 
cement. 

After  cooling,  the  tube  is  evacu¬ 
ated  and  filled  with  a  mixture  of  10- 
percent  ethanol  and  90-percent  ar¬ 
gon,  to  a  pressure  of  10  cm  of  mer¬ 
cury.  The  tube  is  set  in  a  fiber  ring 
and  mounted  in  a  lead  shield.  The 
central  wire  is  attached  to  the  high 
positive  potential,  the  metal  cylinder 
to  the  negative  lead  of  a  Geiger- 
Mueller  counter  circuit,  and  the  tube 
is  then  ready  for  use. 

Samples  to  be  measured  may  be 
mounted  in  i-oz  metal  ointment  cap¬ 
sules  which  are  placed  directly  un¬ 
der  the  mica  window.  In  the  case  of 
Fe“,  the  metal  is  plated  directly  onto 
the  bottom  of  the  capsule.  Small 
Coors  ashing  capsules  are  also  used. 
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Elongation  Recorder  for 
Single  Textile  Fibers 

Photoelectric  apparatus  for  mak¬ 
ing  a  continuous  load-elongation 
record  of  single  fibers  of  textiles  at 
a  constant  rate  of  elongation,  as  well 
as  a  point-by-point  record  at  a  con¬ 
stant  rate  of  loading,  is  described  by 
A.  M.  Sookne  and  H.  A.  Rutherford 
in  research  paper  RP1546,  part  of 
the  Journal  of  Research  of  the  Na¬ 
tional  Bureau  of  Standards  for  July 
1943.  The  apparatus  combines  the 
principles  of  a  hand-operated  ma¬ 
chine  formerly  used  at  the  Bureau 
and  an  automatic  electronic  balance 
developed  by  Muller  and  Garman*. 
Phototubes  provide  sensitive  auto¬ 
matic  operation  and  a  kymograph 
makes  possible  autographic  record¬ 
ing  of  the  results  of  tests  in  re- 
tangular  coordinates. 

For  testing  single  fibers  of  textile 
materials  a  modified  chemical  balance 
has  been  used  to  obtain  load  elonga¬ 
tion  curves*.  The  fiber  was  attached 
between  one  beam  of  the  balance  and 
a  platform  that  could  be  raised  or 
lowered  by  manual  operation  of  a 
rack  and  pinion.  Increments  of  load 
were  then  added  to  the  other  balance 
pan  and  the  platform  adjusted  to 
return  the  balance  pointer  to  zero. 
The  degree  of  elongation  was  deter¬ 
mined  by  measuring  the  displace¬ 
ment  of  the  platform.  Besides  being 
tedious  and  slow  the  operation  did 


not  allow  continuous  stretchini;  of 
the  fiber. 

The  basis  of  the  present  apparatus 
consists  of  a  magnetically  dam{^ 
analytical  balance  equipped  with  a 
Chainomatic  column  by  which  a 
chain  is  lowered  to  one  side  o'  the 
balance  at  a  constant  rate  to  pr'»vide 
a  constant  rate  of  loading.  Elonga¬ 
tion  at  a  constant  rate  is  obtained 
by  lowering  the  platform  to  which 
the  fiber  is  attached. 


Construction  of  Instrument 

The  arrangement  of  the  mecliani- 
cal  and  optical  components  for  the 
phototube  control  that  maintains 
zero  balance  is  shown  in  the  cross- 
section  diagram.  One  end  of  the 
fiber  is  attached  to  platform  H,  which 
moves  dial  gage  J  through  arm  K  to 
indicate  the  amount  of  elongation, 
and  the  other  end  of  the  fiber  is 
attached  to  the  left  arm  of  the  bal¬ 
ance.  The  platform  can  be  moved 
manually  by  means  of  rack  L  and 
pinion  M,  or  automatically  by  a  con¬ 
stant-speed  motor  connected  to 
sprocket  R  that  drives  worm  P  and 
tapped  worm  gear  Q  to  raise  or  lower 
threaded  shaft  0. 

Another  sprocket  drive  assembly 
permits  power  to  be  applied  to 
sprockets  X  and  U  to  actuate  the 
Chainomatic  column  S  and  control 
the  amount  of  chain  E  that  is  applied 
to  one  arm  of  the  balance.  A  clutch 
at  V  permits  manual  control  of  the 
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Phototuba  control  circuit  amployad  in  autographic  load-elongation  apparatus  for  testing  textile  fibers 
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THE  ROLE  OF  THE  X-RAY  IN  WINNING  THE  WAR 


A  lingl*  taxtUe  iibar  is  connectad  irom  ona 
lids  oi  tha  balanca  arm  to  tha  platform  H 
for  lasts  of  slongation.  Motors.  controUad 
by  phototubas,  lowar  tha  platform  to 
ttratch  tha  fibar  and  simultonaousl^  in- 
craosa  tha  load  on  tha  opposite  and  of 
tha  balance  arm  to  molntaln  tha  pointer 
ot  saro 


chain  by  wheel  W  if  desired. 

The  arrangement  of  the  light 
source  that  supplies  the  phototubes 
is  also  shown  in  the  same  illustra¬ 
tion.  A  21-cp  lamp,  C,  is  housed  in 
box  A  so  that  two  beams  are  reflected 
downward  by  two  metal  mirrors,  B, 
through  the  condensing  lenses  D. 
Additional  mirrors  at  F  are  placed 
symmetrically  in  front  of  the  target 
G  to  send  the  beams  past  the  target 
to  the  phototubes.  Automatic  control 
over  the  position  of  the  balance 
pointer  is  obtained  with  the  help  of 
the  target,  which,  when  the  system 
is  in  balance,  interrupts  approxi¬ 
mately  half  of  each  light  beam. 

Phototube  Cireidt 

The  phototube  control  circuit  is 
essentially  that  given  by  Muller  and 
Carman’  with  the  addition  of  several 
modifications  suggested  by  Garman. 
The  modified  arrangement  is  shown 
in  the  circuit  diagram.  It  consists  of 
a  conventional  direct-coupled  elec¬ 
tronic  amplifier  circuit,  and  contains 
two  thyratron  tubes  for  control  of 
the  motor  used  to  maintain  contin¬ 
uous  balance.  Use  of  two  phototubes 
makes  the  circuit  independent  of 
fluctuations  of  the  light  source.  To 
protect  the  thyratron  tubes  from 
possible  damage  a  time  delay  circuit 
is  included  (not  shown  in  the  dia¬ 
gram). 

Motors  for  Mechanism 

Tiie  controlled  motor,  used  to  re¬ 
store  balance,  is  a  series-wound  uni¬ 
versal  type  and  contains  split  field 


Ihe  anti-tank  fire  was  a  little  too  much  for  the  old  battle-buggy 
today,  but  she  will  soon  be  back  in  action  for  another  crack  at  the 
enemy.  Thanks  to  x-ray,  disabled  tanks  can  be  reconditioned  and 
safely  returned  to  service  by  replacing  damaged  parts  with 
parts  from  other  disabled  tanks — a  procedure  not  to  be  risked 
unless  such  parts  are  found  to  be  entirely  free  from  internal 
strains,  which  cannot  be  detected  by  human  eye.  At  salvage 
stations,  x-ray  units  are  used  to  determine  which  parts  are  usable, 
and  which  must  be  scrapped.  This  rapid,  sure  method  of  getting 
tanks  "back  in  action"  contributed  to  the  I’nited  Nations’  string 
of  African  victories. 

The  possible  contributions  of  x-ray  in  the  industrial  at'coni- 
plishments  of  the  world  of  tomorrow  are  a  challenge  to  the  imagi¬ 
nation.  The  war  has  resulted  in  the  training  of  thousands  of 
skilleil  x-ray  technicians  and  the  development  of  marvelous  new- 
x-ray  instruments  to  unlock  the  secrets  of  nature.  Those  who  are 
alert  enough  to  make  use  of  its  |)ossibilities  will  have  a  very 
|K>werful  t«w>I  at  their  command. 


THE  X-RAY  TUBE  IS  THE  HEART 
OF  THE  X-RAY  MACHINE... 

The  majority  of  leading  makes  of  X-Rav  ap- 
(laratus  are  equippc<l  with  Machlett  Tubes. 


M^HLETT 
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SOME  day  . . .  may  it  not  djbl^pnt . . .  huge 

numbers  of  our  militar^rorc^^ill  be  return- 
ing  to  Civilian  life.  WheaAis  happens  and  when 

these  men  again  become  ,’*co£ts^iers”,  will  they 

I  A  ^  * 

remember  the  names  of  of  the  manufacturers 
who  made  their  equipmsiit,  and  will  they  think 
well  of  the  manufactured  v^ose  product  "stood 
up",  even  under  the  toii^h4st  kkni  of  usage  ? 

We  believe  that  they  ^peci -ically,  that 

the  men  who  depend^gp^C^k  headsets  and 
transformers  and  coils^^rtl^^r  Communications 
in  the  Air,  have  acquired  ^  £onfide\^e  in  the  name 


that  will 
be  making  ai^ 

For  that  reasoi 
compromise  with  Quality  in 
of  Tomorrow  .  .  .  np^atter 
THE  ROLA  COMP^^,  It 
Avenue,  Clevelaa|^j4i  ^bio. 


ov^to  the  new  things  Rola  will 


Ij  what  you 
formers,  Coiis 
know  about  Roms 
manufacture.  A  rep 


involves  Headsets,  Trany 
Mmilar  equipment,  we  believe  you  should 
facilities'  for  research,  development  and 
<reSfr/fafiije  will  gladly  call. 


MAKERS  OF  THE  FINEST  IN  SOUND  REPRODUCING  AND  ELECTRONIC  EQUIPMENT 
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NAMY 


Elongation  in  P»rc*nt 
10  20  30  20  10 


jjyUng  and  rocorary  cyda  for  o  aingle 
iibor,  itrotchod  30  porcont  in  wertor. 
arrow  Indicotoo  tho  point  of  roToroal 
oi  tho  plotform  motor.  Folding  tho  rocord 
gliMt  at  tho  arrow  producoi  a  hyotorosia 
loop 

{findings  to  allow  reversing  action. 
Stopping  of  the  motor  is  provided 
iy  limit  switches  mounted  at  both 
tnds  of  the  Chainomatic  column  and 
it  the  lower  limit  of  travel  of  the 
platform  to  prevent  damage  to  the 
instrument.  An  additional  reversible 
Induction  type  motor  is  used  to 
ower  the  platform  and  elongate  the 
Sber  under  test.  It  provides  a  con¬ 
stant  rate  of  elongation  and  also 
simplifies  the  problem  of  automatic 
recording  of  results. 

A  kymograph  is  mounted  on  a  shelf 
below  the  table  top  for  recording  of 
load  elongation  curves.  A  constant- 
speed  synchronous  motor  drives  the 
mechanism  and,  since  both  the  kymo- 
paph  and  the  platform  are  driven 
)y  constant-speed  motors,  the  abscis- 
las  of  the  record  are  directly  pro¬ 
portional  to  the  elongation.  A  swivel- 
mounted  pen  is  attached  to  the 
Chainomatic  column  to  record  the 
oad  at  any  elongation. 


FASTEN 


PERMANENTLY 


THE  LOCKING  SYSTEM  of  Rosan  Studs  and  Inserts  has  served 
the  problem  of  fastening  permanently  in  metals,  plastics  and 
wood.  TTie  serrated  collar  engages  the  inner  teeth  of  the  Rosan 
Locking  Ring  A,  as  shown  in  the  illustration  below,  while  the 
outer  teeth  or  splines  of  the  ring  broach  their  way  into  the  surface 
of  a  counterbore.  Pressure  of  the  surrounding  material  causes  the 
ring  to  close  in  on  the  collar  making  a  solid  and  permanent  in¬ 
stallation.  The  outer  teeth  are  so  finished  that  they  broach  the 
parent  material  without  distortion  and  without  creating  any  sharp 
angles  which  might  be  possible  points  of  failure. 

The  torque  necessary  to  remove  a  frozen  nut  cannot  disturb  a 
Rosan  Locked-in  Stud  since  it  never  backs.  The  Rosan  Locked-in 
Insert  is  likewise  a  permanent  installation  which  will  withstand 
greater  loads  than  the  bolt  which  is  screwed  into  it.  Standard 
threads  throughout,  easy  to  install,  no  special  taps  or  screws 
required. 

There  are  types  of  Rosan  _ 

Locked-in  Threaded  Inserts 
and  Studs  for  every  indus¬ 
try.  Send  the  coupon  below 
for  full  information: 


THE  STANDARD 
INSERT  _ 

AND  STUD 


Manufacturvrt  ar*  invitod  to  sub¬ 
mit  thoir  fostoning  prebloms  to 
our  Enginotring  Dopartmont.  No 
obligation. 

★ 

the  material  can  be 
threaded,  the  Rosan  Locking 
System  will  lock  a  threaded 
insert  or  stud  in  it  perma¬ 
nently." 


Hysteroiit 


BARDWELL  A  McALISTER,  Inc., 

Dept.  5103  7636  Santa  Manica  Blvd.,  Holly waod,  Calif. 
Please  send  free  literature  and  full  information  on  the 
Rosan  Locking  System  to  .  .  . 


Dept. 

Address 


\ 
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39005 


39003 


39001 


39006 


39002 


FLEXIBLE  COUPLINGS 

Th«  No.  39000  series  of  MiHen,  ''Designed  for 
Application”  flexible  coupling  units  in^de,  in 
addition  to  improved  versions  of  the  conventiotKil 
types,  also  su^  exclusive  original  designs  os  the 
No.  39001  insulated  universal  joint  and  the 
No.  39006  "slide-action"  coupling  (in  both 
steatite  and  bakelite  insulation). 

The  No.  39006  "slide  action"  coupling  permits 
longitudinal  shaft  motion,  eccentric  shaft  motion 
and  out-of-line  operation,  os  well  os  angular 
drive  without  backlash. 

The  No.  39005  is  similar  to  the  No.  39001 ,  but 
is  not  insulated  and  is  designed  for  applications 
where  relativeiy  high  torque  is  required.  The 
steatite  insulated  No.  39001  hos  a  special  onti- 
bacMash  boll  and  socket  grip  feature,  which, 
hawever,  limits  its  servkeoble  operation  to 
torques  of  six  inch-pounds,  or  less.  AH  of  the 
above  illustrated  units  are  for  V4"  shaft  and  are 
standard  production  type  units. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICe  AND  FACTOiY 

MALDEN 

MASSACHUSETTS 


nates  is  not  unduly  compressed.  The 
scale  of  the  abscissas  may  be  easily 
adjusted  by  changing  the  speed  of 
the  kymograph  drum. 

A  load  elongation  curve  is  shown 
for  a  wool  fiber  stretched  at  a  con¬ 
stant  rate  in  water.  The  fiber  was 
elongated  to  30  percent  and  then 
returned  to  zero  elongation.  The 
arrow  indicates  the  point  of  reversal 
of  the  motor  driving  the  platform. 
The  conventional  type  of  hysteresis 
loop,  with  load  plotted  against  elon¬ 
gation,  can  be  obtained  from  the 
curve  by  folding  the  record  paper 
vertically  through  the  arrow  and 
then  inverting  the  paper.  A  tracing 
made  in  this  manner  from  the  elon¬ 
gation  curve  of  wool  fiber  is  also 
shown. 
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New  Signal  Converter  Tube 
For  Television  Circuits 


A  NEW  TUBE  that  can  convert  a  com¬ 
plete  television  signal  into  line  and 
frame  sweep  voltages  suitable  for 
direct  application  to  the  deflecting 
plates  of  the  cathode-ray  tube  in  a 
television  receiver  is  announced  in  a 
27-page  article  by  P.  Nagy  and  M.  J. 
Goddard  of  International  Television 
Corp,  in  the  June  1943  issue  of  Wire¬ 
less  Engineer,  a  British  publication. 

The  new  tube,  called  a  signal  con¬ 
verter  by  the  authors,  is  slightly 
longer  than  an  ordinary  receiving 
tube  but  employs  constructional 
principles  similar  to  those  of  the 
electron  gun  in  a  cathode-ray  tube. 
It  is  capable  of  delivering  substan¬ 
tially  linear  deflection  potentials  of 
the  order  of  1000  volts  when  fed  with  | 
input  potentials  of  only  a  few  volts,  j 
The  complete  television  signal  can  | 
be  fed  to  its  control  electrode,  with-  ] 
out  customary  separation  of  line 
synchronizing  signals  from  frame 
synchronizing  signals.  In  one  form, 
the  tube  will  generate  both  line  and 
frame  sweep  voltages,  making  it  pos¬ 
sible  to  replace  all  the  synchronizing 
circuit  tubes  in  a  television  receiver 
with  just  one  signal  converter  tube. 

Accuracy  of  synchronization  is 
greatly  enhanced  in  comparison  with 
ordinary  time-ba.se  circuits  because 
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Manufacturer  Responding  to 
Rapidly  Growing  Interest 
In  Units  That  Bum  Any 
Type  of  Gasoline 


DESCRIBES  “SEALED  IN  STEEL”  FLAME 


CLEVELAND,  OHIO-As  a  result  of 
the  widespread  interest  aroused  by  the 
first  generally  distributed  information 
on  the  Hunter  Heater,  Qevelaud  head- 
^  quarters  of  Hunter 
and  Company  has 
rushed  reprints  of 
its  product  bull^ 
tin  and  has  a  new 
edition  ready  for  I 
distribution. 


The  information 
is  of  particular  in¬ 


terest  to  any  manufacturer,  buyer  or 
user  of  mobile  photo  laboratories,  field 
hospitals,  truck  or  trailer  mounted  field 
service  shops,  trucks,  tf  ailers  or  busses, 
shelters  for  radar,  radio  or  other  delicate 
equipment  or  ^ 

stores  to  be  ~  ( ^ 

protected 
from  cold  or 
dampness. 

The  Hunter 
Heater,  time 
tested  in  effi¬ 
cient  burning  of  any  kind  of  ^asolir 
from  truck  fuel  to  100  octane,  is  idealfi 
heating  or  ventilating  such  equipmt 

These  units  are  also  suitable  for  hea. 

ing  and  ventilating 
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Electro 


tents,  portable  houses, 
field  or  permanent 
barracks  for  officers, 
and  similar  housing. 
Certain  models  can 
be  used  for  standby 
heating  of  truck  or 
plane  engines  to  as 
sure  starting  in  severe  weather,  and  fo; 
cabin  heating  in  buses  and  aircraft 

Wherever  personnel  or  equipmeni 
goes,  the  same  type  of  gasoline  thi: 
takes  them  there 
can  be  used  for  _ 
fuel  in  Hunter  J 
Universal  Gaso- 
line  Heaters. 

The  simple  gas- 
oline  burner 
also  is  available 
in  an  automatic 
water  beating  tank  that  is  ideal  tor 
trailers  or  mobile  service  units.  ' 

The  information  bulletin,  availabu] 
on  request,  brieli; 
describes  the  Ntano| 
ard  models,  thi 
basic  principle  c: 
the  burner  and  tl 
general  purpose' 
for  which  they 
suitable.  It  is  calle; 
“Bulletin  HA-2 
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J.  1 — Basie 


Full  information,  or  a  consultatii 
with  a  representative,  may  be  had  b 
writing  or  wiring  Hunter  and  Coal 
pany,  1 5 5  8  E.  1 7th  St.,  Cleveland,  Ohi 
lAdvirtiM»m*nt) 
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1  -Basic  circuit  of  a  signal  conyerter 
tubo 


cylindrical  optical  system,  fo-  j 
sit  g  the  electrons  to  a  line  instead  j 
a  point,  was  adopted  to  increase 
?  total  beam  current  to  any  re- 
ired  value  while  retaining  sharp 
sing  in  the  one  required  diree- 
'  Electrons  emitted  from  indi- 
tly  heated  cathode  K  are  drawn 
the  first  anode  Ai  through  nega- 
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Type  of  GASOLINE 

HUNTER  AND  COMPANY 


BULLETIN  HB-3 


ON  REQUEST 


CLEVELAND 


OHIO 
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operating  of 

lie  UeadphonosmakC 


•  •  •  Permoflux 

DYNAMIC 


inieiiigibifity  of  vitar^ 
moil^ilPif  the  -most  adverse  noise 

level  ednciltlosiiR,  Todoy  they  are  hei{^ng 
o|K  boys  win  Victory  —  tonp»rrow  they  Will 
be  available  to  all. 


Back  the  Attack^^ 

mh  yimB  bonds! 


hark 


CORPORATION 
4916-22  W.  Grand  Ave.,  Chicago,  III. 

PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


m 


m/s  /¥/l MB 


HENRY 

DISTRIBUTORS 

MANUFACTURERS 

ENGINEERS 


For  over  a  decade  you've  recognized  it  as  the  most 
popular  name  in  ,^8tribution  of  communications  equip¬ 
ment,  serving  Hams  with  a  pei^nalized  service.  You've 
seen  it  grow  —  prbbahly  '  you  have  contributed  to  its 
growth  —  to  make  it  the  world's  lai^est  dealer  in  Ham 
radio  gear. 

That  was  before  Pearl  Harbor! 


Now  Henrys  are  making  crystals  for  your  Army  —  for 
your  Navy  —  doing  their  important  part  to  bring  home 
your  relatives,  your  friends  —  the  Amateur  Radio  Operat¬ 
ors  who  are  today's  fighting  radio  men. 

THANKS  !  !  ! 

When  the  Hams  go  on  the  air  again,  Henry.  Radio 
will  be  in  full  stride,  ready  to  serve  you  —  to  help  you 
with  any  problem  —  to  offer  you  the  same  co-operative 

portant  job.  If  you 
have  a  receiver  you  are 
not  using,  lend  it  or  sell 

‘V  it  to  one  of  the  services. 

They  need  them  . . . 


service  as  always. 


Our  thanks,  and  the  ap*  j 
preciation  of  the  armed  jj 
forces  go  out  to  the  many 
customers  who  have  lent 
or  sold  their  receivers  to 
us,  to  be  distributed  to 
the  fighting  fronts, where 
they  can  do  a  really  im« 
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LAFAYETTE  RADIO  CORP. 

901  W.  JACKSON  BLVD.  CHICAGO  7JLLIN0IS 
2  6  5  PEACHTREE  ST.  ATLANTA  3,  GEORGIA 


how  quickly  can  we  get 
Radio  Parts?" 


Fig.  2 — On*  type  of  output  woro  form  ob- 
toinablo  with  a  ■ignal  convortor  tube 


tive  part  (Y)  of  the  output  electrode 
during  the  scan  period,  because  here 
the  change  in  output  potential  is  a 
direct  linear  function  of  charging 
time  (it  is  independent  of  secondary 
emission  because  all  emitted  electrons 
are  forced  back  to  the  output  elec¬ 
trode). 

The  width  of  the  electron  beam  is 
made  sufficiently  small  that  the  time 
during  each  oscillation  when  the  im¬ 
age  falls  partly  on  each  portion  of 
the  output  electrode  is  negligible. 

The  smallest  deflection  necessary 
to  produce  an  undistorted  time-base 
output  is  theoretically  equal  to  the 
beam  width  at  the  output  electrode, 
but  for  safety  it  should  be  about 
three  times  that  amount.  If  the  beam 
width  is  0.2  mm,  the  input  voltage 
should  produce  a  deflection  of  about 
0.6  mm,  obtainable  with  a  minimum 
input  amplitude  of  0.12  volt.  The 
input  signal  may  increase  as  much 
as  a  hundred  times  during  reception 
without  affecting  the  constancy  of 
the  time-base  output. 


con\ 


Mjaiayette  Radio  Corp.  is  strategically  located  to  give  you 
quick  deliveries  on  radio  and  electronic  parts  and  equipment,  especially 
on  priority,  to  industrials,  training  schools  and  all  branches  of  the  armed 
services.  Lafayette’s  procurement  and  expediting  service  has  helped  to 
prevent  work  stoppages  on  many  vital  war  production  lines. 

Many  instances  are  on  record  wherein  Lafayette  has  made  immediate 
delivery  on  hard-to-find  key  items,  eliminating  costly  delays  in  giant 
armament  programs.  This  is  because  Lafayette  handles  the  products  of 
every  known  manufacturer  in  the  radio  and  electronic  field.  A  single  order 
to  Lafayette  Radio  Corp.,  no  matter  how  large  or  how  small,  will  bring 
prompt  delivery  of  your  requirements. 


Television  Applications 

Advantages  of  the  signal  converter 
in  television  are  greater  simplifica¬ 
tion  through  elimination  of  the  need 
for  separating  synchronizing  signals 
from  each  other,  practically  neg¬ 
ligible  input  power  requirements  of 
the  converter  tube  itself,  the  possi¬ 
bility  of  combining  the  production  of 
line  and  frame  time  bases  in  one  con¬ 
verter  tube,  the  possibility  of  simpli¬ 
fying  the  synchronizing  signals 
themselves,  the  possibility  of  using 
multiple  interlacing  successfully,  and 
the  automatic  and  exact  synchroniz¬ 
ation  possible  at  the  television  re¬ 
ceiver. 

When  the  signal  converter  is  em¬ 
ployed,  the  scan  of  the  time-base 
output  automatically  starts  in  syn¬ 
chronism  with  the  trailing  edge  of 
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Latay*>Hv  Hadta  — Free  ta  responsible  exeeu- 

tires.  This  iOO  paye  teehnieal  and  buylny  aid  deserlbes 
praetlealip  erery  known  make  ot  radio  parts  and  elee- 
tronle  eyalpment.  Address  Dept.  i  tHi.'l 
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INDBITS  PERMIT  TAPPING  OF 
ANT  TURN  ON  SMALL  COIL 

...a  typical  tpociol  faatvr*  availobl* 
in  B  &  W  Air-Wound  Constructioa 


. . . with  BtW  ’’Air- Wound'’ Construction 


Air-Wound  coil  construction— pioneered 
by  B&W— holds  many  advantages: 

Air-Wound  coils  weigh  less  because  no 
conventional  winding  form  is  required. 

Air-Wound  coils  are  adaptable  to  almost 
any  mounting  arrangement. 

Air-Wound  coils  are  ideal  for  plug-in 
services.  They  are  not  likely  to  be  damaged 
if  dropped— but,  even  if  bent  completely 
out  of  shape,  can  easily  be  repaired.  For 
rough  service,  they  can  be  further  pro¬ 
tected  with  “bumper”  rings. 


Air-Wound  coils  have  low  dielectric  loss, 
can  be  wound  to  uniform  pitch,  offer 
greater  design  adaptability  (note  tapping 
indents  in  illustration)  and  lend  them¬ 
selves  to  mechanical  and  electrical  revi¬ 
sions  in  the  circuit. 

Thus,  while  not  a  panacea  for  all  coil 
problems,  B&W  Air  Inductors  spell 
greater  efficiency  for  most  of  them.  For 
other  applications  where  form-wound 
units  prove  preferable,  B&W  offers  a 
variety  of  types. 


HOW'S  THIS  FOR  A  “DROP"  TEST  ! 

There's  nothing  scientific  about  it,  but  when  a  B  &  VC' 
Inductor  is  dropped  three  stories  (as  illustrated)  on  to  a 
cement  sidewalk  without  beinjc  put  out  of  commission,  it 
at  least  proses  the  practical  nature  of  Air-VC'ound  construc¬ 
tion.  Actually,  the  only  damage  was  a  bent  pluK-in  pronit 
and  a  crack^  ceramic  support.  The  Coil  was  immediately 
“repaired"  without  tools  of  any  kind,  and  operated  perfectly  ! 


AIR  INDUCTORS 
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LESS  WEIGHT-GREATER 
DESIGN  ADAPTABILITY... 
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Fig.  3 — Method  ol  luing  a  signal  con¬ 
verter  of  the  double  output  electrode  type 
to  generate  both  line  and  frame  sweep 
voltages  for  a  television  receiver 


^J^URDOCK  Radio  Phones  have  stood  the  most  grueling 
tests  precision  instruments  can  undergo — the  battle  tests 
of  two  World  Wars!  They  have  given  our  armed  forces  the 
same  top-notch,  never-failing  performance  that  has  dis¬ 
tinguished  Murdock’s  service  to  Industry  for  39  years. 

Now — perfected  to  the  Nth  degree  of 
scientific  engineering  —  Murdock  Radio 
Phones  stand  ready  to  serve  American  Busi¬ 
ness  better  than  ever  before — when  the  war 
is  over. 

To  win  the  post-war  battles  of  industrial 
competition  you’ll  need  the  most  perfect 
communication  instruments  science  can  de¬ 
vise.  You’ll  need  the  "clear-as-a-bell”  re¬ 
ception  of  Murdock  Radio  Phones — their 
super-sensitivity  —  rugged  construction  — 
long-lived,  trouble-free  dependability! 


the  received  synchronizing  signal, 
and  hence  with  the  start  of  each  line 
or  frame. 

In  Fig.  3  is  shown  a  circuit  in 
which  line  and  frame  time  bases  for 
a  television  cathode-ray  tube  are 
produced  in  one  signal  converter 
tube.  The  line  time  base  is  produced 
on  output  electrode  XlYl,  while  the 
frame  time  base  is  produced  on  out¬ 
put  electrode  X^Y,.  These  two  elec¬ 
trodes  are  actually  side  by  side,  so 
that  a  single  electron  image  in  the 
form  of  a  long  line  falls  on  both  elec¬ 
trodes.  The  operation  of  this  circuit 
is  fully  explained  by  the  authors  in 
their  paper. 

Asymmetrical  deflection,  resulting 
in  trapezoid  distortion  and  defocus- 
ing  of  the  reproduced  picture,  may 
be  avoided  by  use  of  two  conventional 
amplifiers  which  permit  the  use  of 
all  four  deflecting  plates  in  the  pic¬ 
ture  tube,  or  by  using  two  pairs  of 
output  electrodes  in  the  converter 
tube,  each  pair  connected  to  a  sep¬ 
arate  pair  of  deflecting  plates  in  the 
picture  tube. 

The  signal  converter  thus  offers 
excellent  promise  of  simplifying  the 
construction  of  television  receivers 
while  retaining,  the  high  quality  of 
present  receivers.  The  authors  sug¬ 
gest  a  complete  television  receiver 
consisting  only  of  two  or  three  de- 
flection-modulated  cathode-ray  tubes 
as  amplifiers,  one  signal  converter, 
two  rectifiers  for  supply  voltage* 
and  one  cathode-ray  picture  tube. 


We’re  busy  with  or¬ 
ders,  but  we  still  have 
plant  facilities  for 
manufacturing  more 
Radio  Phones  and  re¬ 
lated  parts  on  a  sub¬ 
contract  basis.  If  you 
need  outside  manu¬ 
facturing  aid  in  this 
field,  we  invite  your 
correspondence. 


Get  the  Full  Story  of  What  These 
Famous  Radio  Phones  Can  Do  For  YOU! 


Write  to  Dept.  65 
for  Catalogue 


Nation 
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\^ITH  Selenium  rectifiers  rapidly  becoming  stand-  important  advantages:  1.  Permanent  characteristics; 
ard  throughout  American  industry,  today's  engineers  2.  Temperature  range  from  — 50°  C  to  4-75°  C; 

count  on  Selenium  Corporation  for  the  most  com-  3.  Unlimited  life;  f.  Maximum  efliciency  per  unit  wt.; 

plete  line  of  selenium  rectifiers.  Units  with  these  5.  Weather  resistant;  6.  Special  types  available. 

ff  'nte  on  your  firm  letterhead  for  literature. 

o 

SELENIUM  CORPORATION  of  AMERICA 


Imby  Sslcnium  Instrument  Rectiflert  •  imby  Selenium  Self-Generating  Rhoto  Cells  •  Selco  Selenium  Power  Rectifiers 

18(X)-1804  West  Pico  Boulevard.  Los  Angeles  6,  California  •  Eastern  Sales  Diiision:  215-05  27th  Ave.,  Bayside,  L.  1., 
Telephone:  Bayside  0-8058  •  Canadian  Sales  Division:  J.  R.  Longstafl'e,  Limited.  340  Carlaw,  Toronto,  Canada. 


f 


PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 

INDUSTRIAL 

CONDENSER 

CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO  22,  U.  S.  A. 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


Velocity  of  Radio  ^'aves  B 

A  REVIEW  OF  VARIOUS  ME  HODs  M 
have  been  employed  for 
ments  of  the  speed  of  radio  wav® 
contained  in  an  address  by  h^B 
Smith-Rose,  chairman  of  the  wB 
less  Section  of  the  InstitutioaB 
Electrical  Engineers,  publishedB 
the  journal  of  the  Institution  B 
March,  1943.  The  paper  exanii 
the  present  knowledge  of  the  sr* 
of  propagation  of  electric 

VV8Vt;, 

all  lengths  from  the  visual  to® 
radio-frequency  spectrum.  ■ 

In  studying  the  existence'  andp® 
er^s  of  the  ionosphere  it  is  u® 
to  measure  the  time  interval  beti 
the  emission  of  a  group  of  waves® 
the  receipt  of  the  corresponding  i 
signal  reflected  from  the  ionosp}; 
vertically  above  the  observer.  P 
this  interval  the  height  of  the 
fleeting  region  is  deduced  on  the  ^ 
sumption  that,  in  the  nonionizedi 
gions  of  the  atmosphere  thro* 
which  the  waves  travel,  the  spt  e « 
that  appertaining  to  a  vacuum.  ■ 

Some  methods  of  studying  the " 
rection  of  arrival  of  radio  waves 
either  the  vertical  or  horizontal  |  ;B 
are  based  upon  the  measurement  B 
phase  difference  of  the  signal  v" 
ages  induced  in  two  antenna  s\  s!  — 
spaced  a  known  distance  apart, 
phase  difference  is  dependent  a 
the  ratio  of  this  distance  to  the  w.  " 
length,  and  the  latter  quantity  is 
rectly  dependent  upon  the  speed 
travel  of  the  waves  over  the  path 
question.  When  this  path  is  along 
close  to  the  ground  it  is  important 
know  to  what  extent,  if  any, 
speed  of  propagation  is  affected 
the  electrical  properties  of 
ground. 

Measurements  of  Velocity  of  ' 

Various  experimenters  have  r 
that  the  velocity  of  light  in  air  is 
the  neighborhood  of  3x10'®  cm 
second  and  that  the  value  is  less 
water  than  in  air.  The  most  iv 
and  accurate  measurements  of  ' 
velocity  of  light  were  published  in 
paper  by  Michelson,  Pease 
Pearson  in  1935.  They  used  an  ew 
uated  steel  tube  a  mile  long  and 
mirror  arrangement  shown  in  Fig 

Light  from  an  illuminated  slit 
is  reflected  from  the  upper  half  of 
rotating  mirror  D,  through  a  ' 
dow  L  into  the  side  of  the  steel  ’ 
By  multiple  reflection  between 
mirrors  G  and  H  the  light  ' 


DIRECT  DEFLECTOR  PUTE 
CONNECTION! 

A  special  side  opening  in  case 
is  provided  for  direct  deflector 
plate  connection  —  facilitating 
use  of  tube  for  the  higher 
frequencies. 


NEW  RCA  UNIVERSAL 
BINDING  JACK! 

Extremely  handy.  A  combina¬ 
tion  binding  post  and  pin  Jack 
for  universal  application.  Per¬ 
mits  quick,  positive  connection 
vith  any  type  lead  terminals. 
An  exclusive  RCA  feature. 


RCA  TEST  AND  MEASUR  NG 


Rugged  eiiupugh  to  withstand  every-day  field  and  service 
usage,  yet  built  throughout  to  exacting  laboratory  standards, 
this  RCA  155-C  3-Inch  Cathode  Ray  Oscilloscope  is  particu¬ 
larly  recommended  for  all-purpose  requirements.  Note  its 
unusual  features,  briefly  described  on  this  page.  Write  for 
special  RCA  Bulletin  containing  complete  information  about 
this  fine  instrument.  Address  Test  Equipment  Section  44F, 

RCA  Vidlor  Division,  Radio  Corp.  of  Americq,  Camden,  N.  J. 

V-. 


10  TO  60.000  CYCLESI 

New  Improved  timing  axis  os¬ 
cillator  provides  extraordinari¬ 
ly  wide  range  — 10  to  60,000 
cycles  —  never  before  available 
in  a  3-lnch  ’scope. 


I'-' 


n 


VERSATILE,  PORTABLE.  FOR 
UBORATORY  AND  SERVICE  WORK! 

Especially  intended  for  the  bet¬ 
ter  class  service  engineers.  For 
Held  service,  industrial  testing, 
and  general  commercial  and 
laboratory  work. 


3-INCH  CATHODE  RAY 
TUBE! 

Three- inch  cathode  ray  tube 
assures  adequately  detailed  im¬ 
age  for  practically  all  applica¬ 
tions. 


EXTRA-BMLLIANT  IMAGE  I 


New  built-in,  deep,  light-shield 
makes  image  appear  surpris¬ 
ingly  brilliant — even  in  bright 
daylight.  Screen  is  quickly  re¬ 
movable —  easily  changed. 
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VOLTAGE  STABILIZERS 
give  you  these  advantages 


VOLUSE  SUtmiEU 


Fig.  1 — Optical  arrangement  lor 
mining  Telocity  oi  light  with  a 
mirror,  as  used  by  Michelson,  Peou  g 
Pearson.  A  light  beam  is  passed 
and  forth  in  on  eTacuated  steel  tube  < 
mile  long,  before  being  reflected  to  a 
toting  mirror.  When  the  system  U  p. 
erly  adiusted  the  time  taken  by  the  b 
beam  to  trorerse  its  path  i«  1  32  ol 
mirror  rotation  speed 


were  caused  to  traverse  a  total  ^ 
of  about  ten  miles  before  being 
turned  through  the  window  L  tot 
rotating  mirror  D.  The  retufi 
beam  of  light  was  reflected  fromt 
lower  half  of  the  rotating  mirror 
through  the  prism  I  to  the  obser,: 
eyepiece  K.  If  the  speed  is  soi 
justed  that  the  image  is  in  them 
of  the  field  of  view,  the  time  t-t 
for  the  light  to  traverse  its  path 
several  miles  is  equal  to  A  of  i 
time  of  rotation  of  the  rnirr 
Nearly  3,000  determinations  of 
locity  were  made  over  a  period  ! 
years  and  the  mean  value  was  e>: 
lished  as  299,774  km  per  second « 
an  average  deviation  of  11  km; 
second. 

Another  method,  employed  by 
C.  Anderson*,  utilizes  the  piin 


radio-frequency  energy  by  n.. 
of  a  Kerr  cell  and  is  shown  in  Fir 
Anderson*  later  corrected  for  i 
group  velocity  delay  caused  by 
lenses  and  mirrors  and  report, 
mean  value  in  vacuum  of  299,776 
per  second  with  a  deviation  of  14 
per  second. 


•  Accurately  control  AC  output  voltage  and  hold  constant  to 

over  their  full  rating. 

•  Stabilize  fluctuating  voltages  within  2  cycles. 

•  Wide  AC  input  limits... 95  to  135  volts. 

•  Entirely  automatic  ...  require  no  maintenance. 

•  No  moving  parts  mean  no  wearing  parts  assuring  excep¬ 
tionally  long  life. 


Effect  of  Air  on  Velocity 


Since  for  radio  purposes  we  i 
rarely  concerned  with  wave  v.' 
mission  in  a  vacuum  the.se  values" 
need  to  be  multiplied  by  1/\V.>  ' 

X  is  the  dielectric  constant  of : 
medium  in  question.  For  air  a  i 
normal  atmospheric  conditions  ati 
earth’s  surface  in  this  country  E: 
land),  the  value  of  x  is  about  1.' 
and  the  corresponding  value  of: 
velocity  will  be  reduced  to  299,6701 
per  second. 

For  transmission  of  radio 


In  your  planning  for  improving  war  manufac¬ 
turing  equipment  or  designing  new  post-war 
products,  it  will  pay  you  to  investigate  the  ad¬ 
vantages  of  Raytheon  Voltages  Stabilizers.  In 
many  cases,  one  of  the  three  standard  designs 
...cased,  uncased  or  endbell  ...will  meet  In¬ 
stallation  requirements.  Outline  your  require¬ 
ments  and  Raytheon  engineers  will  make  their 
recommendations.  Bulletin  DL48-537  is  on  the 
press.  Reserve  your  copy  now. 


or*  prodvit'"® 
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Weight:  Approximately  IV3  ounces 


Hinge  of  "fatigueless”  ber¬ 
yllium  copper  insures  long 
life  under  vibration. 


Avoid  chattering  bearings  and  worn  parts  by  specifying  Clare  Type 
K  d.c.  Relay  for  that  heavy  vibration  application. 

Use  of  a  "fatigueless”  beryllium  copper  hinge  in  the  Type  K  gives 
a  simple,  compact  unit  that  insures  uniform  armature  movement  up 
to  millions  of  operations.  This  design  makes  unnecessary  the  use  of 
anti-vibration  springs. 

Small  and  compact— measures  only  IV^'x  13/16'— the  Type  K, 
shown  here,  weighs  but  1%  ounces.  It  is  a  definite  contribution  to 
design  problems  where  weight  and  space  are  important  factors. 

The  Type  K  can  be  furnished  in  the  contact  forms  shown  with  any 
number  of  springs  up  to  and  including  12  . . .  coil  voltage  range  is 
from  1.5  volts  to  60  volts  d.c.  .  .  .  contacts  of  either  18  gauge 
silver,  rated  one  ampere,  50  watts,  or  18  gauge  palladium,  rated 
two  amperes,  100  watts  can  be  furnished. 

Contact  spring  pile-ups  are  fastened  to  the  heelpiece  with  screws 
tightened  under  pressure  and  secured  by  a  coating  of  Glyptol  at 
head  and  foot.  All  metal  parts  are  specially  plated  to  withstand  a 
200  hour  salt  spray  test. 

Like  all  Clare  Relays,  the  Type  K  can  be  "custom-built”  to  meet 
your  specific  requirements.  Write  us  of  your  needs.  Let  our  engi¬ 
neers  advise  you  of  the  many  coil  contacts  and  adjustments  that 
can  be  made  up  for  you.  Whether  your  requirements  are  large  or 
small,  we  invite  you  to  consult  with  us  regarding  your  problems. 

Send  for  the  Clare  catalog  and  data  book.  C.  P.  Clare  &  Company, 
4719  West  Sunnyside  Ave.,  Chicago  (30),  Ill.  Sales  engineers  in 
all  principal  cities.  Cable  address:  CLARELAY. 


Nickel  contact  springs  to 
which  contacts  are  overall 
welded  by  special  process. 


Strong,  hard,  long  wearing 
Bakelite  bushing  insula¬ 
tors  resist  vibration  and 
heavy  contact  pressures. 


Custom-Built'^  Multiple  Contact  Relays  for  Electrical,  Electronic  and  Industrial  Use 
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K-D(S<2)la  IJM®.  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  *  D.  C.  MOTORS  *  POWCR  PLANTS  >  CONVLRTERS 


Import  Ad  Aun^ma.  89  Broad  5f.,  Yorit^  U.  5.  A.  Cabtv  Auftt^ma,  New  York 


Cx  O  make  accurate  final  torque  tests  on  DC  motors,  our 
engineers  designed  special  dynamometers  for  production  testing. 
This  test  equipment  gives  output  readings  far  more  quickly 
and  accurately  than  obtainable  by  ordinary  means.  It  enables 
us  to  check  the  motors  at  normal  or  over-voltage,  at  normal 
load  or  overload,  and  exactly  at  the  specified  speeds.  Torque 
and  efficiency  are  then  quickly  calculated  and,  together  with 
other  operating  data,  noted  on  test  sheets.  During  the  course 
of  this  test,  separate  checks  are  made  on  the  armature  and  field 
circuits,  and  on  the  commutation.  And  necessary  adjustments 
can  readily  be  made  to  achieve  perfect  performance. 

This  dynamometer  is  one  example  of 
numerous  devices  designed  and  built  in  our  ^ 

laboratories  to  help  us  supply  more  ^ 

and  more  EICOR  quality  Motors  and 
Dynamotors  to  our  customers.  Speciali- 
zation  in  our  chosen  work  makes  possible 
such  developments;  it  will  also  be  reflected 
in  EICOR  products  of  Tomorrow. 


over  land  F.  T.  Farmer  a;  d  H. 
Mohanty*  showed  that  the  velo. 
of  propagation  for  a  wavel' ngth 
166  meters  (1.8  Me)  is  with.n  6t 
percent  of  the  velocity  of  light  Th  j 
measurements  were  made  with  hi» 
frequency  impulses  and  therefore: 
fer  to  the  group  velocity  of 
waves;  but  their  results  aro  con.^ 
tent  with  the  phase  velocity  niea?-; , 
ments  of  other  workers. 


Meaaurement  of  Phase  Diff,'renct\ 


A  most  comprehensive  in  eatjj 
tion  of  the  velocity  of  medium  ra 
waves  was  carried  out  during 
years  1934-35  by  a  group  of  vorfe 
in  the  Laboratories  of  the  U.S  si 
under  the  direction  of  Profs. 
Mandelstam  and  N.  Papalexi;  thei 
tails  and  results  of  these  inveatii 
tions  were  published  in  a  collecti- 
of  papers  in  1937.‘-  *•  ’•  *  The  metk 
employed  comprises  a  deterniinatio 
of  the  time  of  transit  of  waves 
tween  a  sending  and  reflecting  stj 
tion  by  measuring  the  phase  diffeJ 
ence  between  the  two  sets  of  wavj 
the  ratio  of  whose  frequencies 
rational.  The  subsidiary  inve.?tig 
tions  included  the  development 
methods  and  instruments  for  me 
uring  the  phase  difference  betwe 
harmonic  oscillations  of  different  fn 
quencies,  and  the  study  of  the  pha 
displacement  introduced  by  high-f 
quency  amplifiers. 

A  schematic  arrangement  of  ' 
method  employed  is  shown  in  Fig. 
The  main  station  I  radiates  waJ 
on  a  frequency  fi,  a  voltage  corrq 
ponding  to  the  outgoing  frequeaej 
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Fig.  2 — Method  ol  r-i  modulation  oi  li'-:' 
beam  used  by  Anderson  for 
velocity.  A  light  beam  from  tourct 
passes  through  tenses  and  Nicbol  pti^ 
and  is  moduiated  by  Kerr  cell  K,  that  coo 
tains  a  liquid  subjected  to  on  olterr 
field  of  14  to  56  Me.  The  modulated  be: 
is  split  into  two  ports  by  mirror  M, 
passing  to  phototube  P,  the  other  tra 
ing  a  path  of  10  to  20  meters  betwe 
mirrors.  Length  of  the  poth  is  adiui'e 
for  minimum  output  indicating  the 
arrive  180*  out  of  phase.  Difference 
two  paths  corresponds  to  an  odd  multtp'*! 
of  holf  wavelengths  ol  the  modulati3| 
frequency 
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Meter  has  two  scales 
pnvidiag  voltage  and 
DB  calibrations 


oltage  indication  is  proportional 
to  average  value  of  the  full  wave 

YOU  CAN  MAKE  accurate  high  frequency  measurements  (up  to  one  megacycle) 
\\ithout  particular  precautions  with  this -hp-  Model  400A  Vacuum  Tube  Voltmeter. 

1  liere  are  no  adjustments  to  be  made  during  operation  and  the  impedence  is  so 
high  the  circuit  being  measured  is  unaffected  by  the  instrument.  Since  voltage  indi¬ 
cation  is  proportional  to  the  average  value  of  the  full  wave,  turn -over  effects  and 
wa\iform  errors  are  minimized.  It  is  ideal  for  measuring  amplifier  gain,  network 
response  and  output  level.  Its  sensitivity  is  sufficient  to  measure  hum  level  directly 
in  many  cases.  Wide  frequency  range  makes  this  instrument  suitable  for  work  at 
audio  frequencies  from  10  cps  to  20  kc  and  also  for  carrier  current  work  in  super- 
■  sonic  region,  in  television  and  the  entire  broadcast  field.  Write  today  for  more  com¬ 
plete  data  on  this  outstanding  instrument.  Ask  also  for  your  copy  of  the  -hp~  catalog 
...24  pages  of  technical  information  plus  complete  listing  of  all  -hp-  instruments. 

|HEWLETT-PACKARD  company  •  PALO  ALTO,  CALIFORNIA 

P.  O.  1*1  l13iW.  S»aH«n  A 
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Light  in  u  eight  and  equipped . 
with  convenient  handle 


The  400A  is  une: 
production  or  laboi 


HOUSTHUS 


©  1943  Great  American  Industries,  Inc.,  Meriden,  Conn. 


FI9.  3 — Ammqcment  used  by  MandeUtoi 
and  Popolnxi  ior  m*o>ur*in*nts  of  qro^ 
Tslocity  of  oloctromagnotic  woroi.  Wotti 
or*  Bont  from  tho  mafn  station  to  tht 
coiTlng  station,  whore  they  ore  ciasqaij 
in  frequency  and  transmitted  back  to  ih 
moin  station  and  their  phase  compared  k 
that  of  the  original  wares.  The  cathode 
roy  tube  ot  the  receiring  station  is 
to  mcdntoin  constant  phase  difference  be 
tween  incoming  and  outgoing  woret 


being  applied  to  one  pair  of  plates  0! 
a  cathode-ray  oscillograph.  At  tht 
subsidiary  or  “reflecting”  station  E 
the  incoming  waves  are  rc.eived 
then  submitted  to  a  frequency  chang; 
in  a  simple  but  nonharmonic  rati 
(e.g.  3:2);  then  the  oscillations  0! 
the  new  frequency  /„  after  amp!i?l 
cation,  are  transmitted  from  .’tati  r 
II  back  to  station  I. 

The  cathode-ray  oscillograph  de 
picted  at  station  II  is  used  for  tit 
control  of  the  phase  difference  he 
tween  the  incoming  and  outguir. 
waves,  this  phase  difference  lieir; 
maintained  constant  during  all  er 
perimental  observations.  The  wa  r! 
of  frequency  /,  are  received  at  sti- 
tion  I  and  the  resulting  oscillationi 
suitably  amplified  for  application  u 
the  other  pair  of  plates  of  the  oscillo¬ 
graph  at  this  station,  so  that  tht 
phase  of  the  incoming  waves  may  bt 
compared  with  that  of  the  waves 
originally  emitted  on  a  frequency  /> 

Under  the  conditions  outlined,  the 
trace  on  the  screen  of  the  oscillo¬ 
graph  at  I  will  be  a  Lissajous  figure 
corresponding  to  the  frequency  ratio 
3/2,  its  exact  form  depending  upoi 
the  total  phase  difference  of  the  out¬ 
going  and  arriving  waves.  This 
phase  difference  may  be  expressed  io 
the  form 

^  ^  3) 

where  <^o  =  phase  displacement  suf¬ 
fered  by  the  waves  over  the  retun 
path  between  stations  I  and  II,  </»!  = 
phase  difference  introduced  by  tbs 
receiver  at  II,  <^,  =  phase  differena 
introduced  by  the  transmitter  at  U 


the  squadron  leader  snaps  instructions  into 
his  microphone,  it's  not  time  for  doubt  or  confusion 
on  the  receiving  end. 

In  manufacturing  headsets  for  the  use  of  our  fighting 
forces,  the  main  thing  is  to  be  certain  each  one  is  as 
perfect  as  it  is  possible  to  make  it. 

Experience  since  the  early  days  of  the  telephone  helped 
us,  of  course,  but  it  wasn't  enough  to  be  sure  that  we 
were  building  mighty  good  equipment  on  the  average. 
We  developed  special  instnunents  which  enable  us  to 
give  each  receiver  a  thorough  test  in  a  matter  of  seconds, 
right  on  the  production  line.  Thus  we  kept  output  high, 
and  quality  a  known  factor. 

Connecticut  has  been  identified  with  ''commimicotions'' 
for  half  a  century.  It  has  never  been  known  as  the  largest, 
but  always  os  among  the  very  best,  in  design,  engineer¬ 
ing,  and  precision  production.  If  your  post-war  plans 
involve  the  use  of  precision  electrical  devices,  in  connec¬ 
tion  with  product  development  or  production  control, 
perhaps  we  con  help  you  eliminate  the  "question  marks". 


CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 


For  the  second  time  within  a  year,  the  honor  of  the  Army-Navy  Production 
Award  has  been  conferred  upon  the  men  and  women  of  this  Division. 


MERIDEN, 


CONNECTICUT 


li 
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.  .  .  and  some  have  been  with  us  for  a  good  many  years.  Now  they  form 
a  solid  battlefront  behind  the  fighting  front.  Thanks  to  these  men  and 
women,  the  Kenyon  Transformer  Co.  is  building  not  only  more  trans¬ 
formers  but  even  better  transformers  .  .  .  something  which,  in  view  of  the 
excellence  of  our  product,  we  thought  was  impossible. 

Valiant  People  .  .  .  their  hands  are  tough,  their  eyes  are  sharp, 
and  their  minds  are  determined.  And,  when  day  is  done, 
you  will  find  them  at  a  Red  Cross  blood  bank,  or  tending 
a  Victory  Garden,  or  collecting  scrap-metal — doing  just 
what  America  expects  us  all  to  do  in  this  monumental 
struggle  for  human  rights  and  dignity. 


THE  mark  of 


Your  War  Bonds  help 
the  voar  effort- 
buy  more! 


EXCELLENCE 


KENYON  TRANSFORMER  CO.,  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 
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A  long  time  before  Pearl  Harbor,  Blaw-Knox 
was  working  in  close  cooperation  with  the  U.  S.  Army 
and  other  government  departments  in  the  engineering 
and  development  of  structures  for  use  in  connection 
with  electronics  for  military  purposes. 


Since  war  vras  declared  we  have  devoted  all 
of  the  energy,  skill  and  experience,  of  a  department  in 
our  organization  which  has  specialized  for  many  years 
in  problems  of  this  kind,  to  the  design,  fabrication  and 
timely  delivery  of  many  units  which  we  believe  have 
materially  contributed  to  the  conduct  of  the  war. 


As  a  result  of  these  and  other  activities,  the 
Blaw-Knox  Division  was  presented  with  the  Army-Navy 
"E"  Award  on  July  13,  1943;  the  highest  honor  that  can 
be  given  to  civilian  effort. 


The  experience  gained  will  prove  invaluable 
in  helping  our  friends  in  the  radio  industry  to  solve  the 
many  new  problems  which  they  will  face  as  a  result 
of  wartime  developments. 


BLAW-KNOX  DIVISION 

OF  BLAW-KNOX  COMPANY 

2077  Farmers  Bank  Building  ....  Pittsburgh,  Penna 


and  </>,  =  phase  difference  intiudiiced 
by  the  receiver  at  I. 

If  we  can  separate  from  the 
above  measurements,  we  have 


^  -  4*-  fd/t  (2) 

where  f  is  the  frequency  of  the  ’  avea 
d  the  distance  between  aerials  '  and 
II,  and  V  the  velocity  of  the  vaves 
over  the  path  d. 

The  separation  of  was  made  by 
measuring  the  values  of  and 

for  the  individual  components  of 
the  apparatus  in  question,  by  u^ing  a 
phase-measuring  technique  which 
was  developed  to  an  advanced  stage 
by  E.  Schegolev^  and  C.  Viller,*  two 
of  the  investigators  associated  with 
the  group  referred  to  above.  An  in¬ 
strument  termed  a  ‘‘phase  deviom- 
eter”  was  constructed  especially  for 
use  in  the  velocity  determinations. 
This  instrument  includes  simple  scale 
arrangements  for  reading  the  phase 
indications  directly  off  the  Lissajous 
figures  traced  on  the  screen  of  the 
cathode-ray  tube. 

The  phase  displacement  <f>,  will  in 
general  comprise  several  complete 
cycles  and  may  be  expressed  in  the 
form 


=  27c(n4-wi) 


(3) 


where  n  is  an  integer  and  m  is  a 
fraction. 

In  order  to  evaluate  these  two 
quantities,  the  frequency  /,  of  the 
waves  radiated  from  Station  I  is 
varied  continuously  over  a  small 
range,  while  the  frequency  of  the 
synchronized  waves  from  II  is  also 
changed  so  as  to  keep  the  frequency 
ratio  constant,  a  matter  that  is  eas¬ 
ily  checked  by  observation  of  the  Ids- 
sajous  figure  on  the  screen  at  II. 
This  frequency  change  is  carried  out 
between  the  limits  accurately  set  by 
two  quartz  crystal  standard  fre¬ 
quency  oscillators  incorporated  in 
the  equipment  at  station  I,  so  that 
the  frequency  range  covered  is  known 
to  a  high  order  of  accuracy.  As  the 
frequency  of  Station  I  is  varied  in 
this  manner  between  the  limits  set 
jy  the  standard-frequency  oscillators, 
the  number  of  complete  cycles  of 
phase-angle  change  is  counted  on  the 
oscillograph  at  I,  and  the  final  frac¬ 
tional  phase  angle  is  also  measured. 
In  this  way  the  total  phase  change 
<f>o  is  measured  (Eq.  8),  and  the  ve¬ 
locity  of  transmission  of  the  wave? 
is  determined  from  Eq.  2.  This  tech¬ 
nique  is  similar  to  that  used  in  1925 
by  E.  V.  Appleton  and  M.  A.  F. 
Barnett*  “  to  measure  the  height  of 
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CRIS  CUT  DIAMOND  SAW  BLADES  have  been  developed  in  close  cooperation  with  the  quartz 
processing  industry. 

CRIS  CUT  DIAMOND  SAW  BLADES  are  metal  bonded,  manufactured  by  our  own  electro  charg¬ 
ing  process,  (patents  pending) 

CRIS  CUT  DIAMOND  SAW  BLADES  are  manufactured  to  insure: 

:  parallel  cut  :  smooth  surface  :  fast  operation  :  thin  slicing  :  long  life  : 

CONSOLIDATED  DIAMOND  SAW  BLADE  CO. 
320  YONKERS  AVENUE  -  YONKERS.  2.  N.  Y. 
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frequency-change  process  ranged 
from  a  few  hundred  to  several  thou- 
sand  degrees,  and  the  investigator! 
were  able  to  measure  these  to  withis 
3  or  4  deg. ;  accuracy  of  phase  meaj. 
urement  was  thus  of  the  order  of  1 « 

2  parts  in  1000  in  the  most  favorable 
cases.  The  distance  measurement! 
were  carried  out  by  standard  geodfr 
tic  survey  methods,  and  appear  ij 
the  most  favorable  cases  to  have  been 
determined  to  an  accuracy  somewhat 
better  than  1  part  in  10*  (0.1  per- 
cent).  This  implied  that  the  center! 
of  radiation  of  the  antenna  systems 
were  known  to  a  high  order  of  ac¬ 
curacy,  and  to  facilitate  this  the  an¬ 
tennas  at  both  stations  were  of  the 
vertical-umbrella  type. 

The  mean  results  obtained  in  the 
various  sets  of  experiments  for  the 
velocity  of  the  medium  radio  waves 
used  all  lie  within  the  limits  of  2M 
and  2.996x10"  cm  per  second  for 
transmission  over  clear  air  path,  or 
over  sea  or  fresh  water.  As  these 
limits  are  within  the  accuracy  of  the 
measurements,  no  definite  conclu¬ 
sions  can  be  drawn  as  to  the  effect  of 
a  salt  or  fresh  water  path  on  the 
velocity  of  propagation.  In  the  case 
of  transmission  overland,  a  somewhat 
lower  value  of  2.950x10"  cm  per  sec¬ 
ond  was  obtained,  although  this 
would  appear  to  be  subject  to  some 
uncertainty  in  determining  the  true 
path  of  transmission,  owing  to  vari¬ 
ous  intervening  obstacles. 

Although  the  work  just  described 
has  enabled  a  valuation  for  the  wave 
velocity  to  be  obtained,  much  of  this 
and  other  investigation  work  has 
been  directed  by  Mandelstam  and 
Papalexi  towards  the  development  of 
what  is  termed  an  “interference 
range-finder.”  More  recently  than 
the  work  referred  to  above,  some 
papers  have  been  published  by  J.  I* 
Alpert,  W.  W.  Migulin  and  P.  A. 
Riasin,“’  “  in  which  the  nature  of  the 
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If  you  mcmufoetsiro  motors, 
crystcda.  condoasois.  tubos 
.  .  .  oloctronic  compoaonts 
or  oquipmont  .  .  .  MobJIo 
will  gladly  supply  tho  aa- 
swors  to  tho  quostioas  oskod 
briow.  Oaly  Moblfo  offors 
program-coatroUod  or  maa- 
uoUy-sot  atmosphoric  coadi- 
tioru  to  moot  oU  of  your 
roquiromoats.  Whorovor 
staadard  modols  aro  aot 
suitoblo,  wo  will  build  to 
spodficatioas.  May  wo  work 
with  you? 


Will  it  test  more . . .  faster? 

Is  it  antomatic  in  operation? 

Does  it  require  minimum  attention? 

Does  it  balk  small  yet  have  large  capacity? 

How  mnch  power  is  consumed  in  operation? 

Does  it  meet  critical  specifications  of  the  Army  and  Navy? 

Will  it  duplicate  atmospheric  conditions  up  to  80,000  feet? 

Blood  donors  are  needed  immediately  ....  see  your  local  Red  Cross 
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There  goes  the  air  raid  alarm. 
And  here  they  come,  the  fighter 
pilots  ,  .  .  scrambling  madly  for 
their  waiting  planes.  You*d  hurry 
too  if  you  were  in  tbsir  shoes,  be¬ 
cause  time  grows  mighty  impor¬ 
tant  right  then.  Only  a  split  sec¬ 
ond  can  make  all  the  difference 
between  getting  upstairs  in  time, 
and  maybe  not  getting  off  at  all. 


SIMPSON  ELECTRIC  CO 

5200-5218  W.  Kinzie  Street 
Chicago  44,  Illinois 


MULlAMPtRES 


Buy  War  Bonds  and  W  Stamps  for  Victory 
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2833  13th  Ave.  S.,  Minneapolis,  Minn 


ditions  on  the  velocity  of  pi'ci'anationH 
to  various  distances,  have  vt^eivedB" 
special  attention.  It  appears  th&tB 
there  is  reason  to  suppose  taat  th(B 
phase  velocity  of  radio  waves  propa.H 
gated  over  a  flat  and  uniform  urfaceH 
is  not  constant,  but  may  vary  within  ■ 
a  radius  of  three  or  four  wavelengthjH 
from  the  source;  this  disturbanc«H 
gradually  disappears  until,  at  a  ra  I 
dius  of  some  50  wavelengths,  the  ve-l 
locity  is  sensibly  equal  to  its  fre«l 
space  value.  ■ 

Experiments  have  also  been  car  ■ 
ried  out  to  ascertain  whether  therti 
is  any  dispersion  in  the  transmission  ■ 
of  waves  over  land  and  sea.  in  the  I 
range  of  wavelengths  from  120  tol 
660  meters.  The  results  of  such  ex- 1 
periments  indicate  that,  for  example.  I 
the  velocity  at  wavelengths  of  300 1 
and  450  meters  cannot  differ  by  morel 
than  0.07  percent  for  oversea  trans-| 
mission,  whereas  over  dry  land  a  I 
difference  of  a  few  tenths  of  one  per- 1 
cent  is  possible.  I 

It  is  stated  that  balloon  exjwi- 1 
ments  have  shown  that  the  effect  of  I 
the  earth’s  surface  on  the  field  doeal 
not  extend  bejrond  a  height  of  four  I 
or  five  waveiengths  for  the  medium  I 
waves  used.  All  this  work  would  ap- 1 
pear  to  be  closely  connected  with  I 
Sommerfeld’s  classical  investigation? 
of  the  propagation  of  electromagnetic 
vaves  over  the  earth’s  surface,  and  to 
warrant  considerable  further  study 
in  connection  with  various  radio 
problems  and  applications.  It  form, 
an  interesting  example  of  the  manner 
in  which  fundamental  investigations 
conducted  from  an  apparently  solely 
academic  viewpoint  may,  in  time, 
come  to  have  important  practical  a!> 
plications. 

■  Conelusiont 

The  velocity  of  light  wave.s  i.- 
1  known  with  considerable  precision 
I  and  its  value  in  vacuum  may  be  taken 
I  as  2.99775x10'*  cm  per  second.  The 
;  modified  value  for  light  propagated 
!  through  air  under  normal  atmos 
pheric  conditions  at  .sea  level  i? 
2.99670x10“  cm  per  second.  The  ac 
curacy  of  measurement  of  the.?e 
values  is  about  0.5  part  in  10*.  It  will 
be  observed  that  the  velocity  value  in 
air  differs  from  the  nominal  figure  of 
3x10“  cm  per  second  by  about  0.1  per 
cent.  Modern  radio-frequency  tech 
nique  has  proved  of  considerable  usf 
in  recent  determinations  of  the 
velocity. 

When  we  come  to  the  radio-fre 


When  your  job  colls  for  efficient  filters  you  con  depend  ^n  ADC  to 
produce  well-built,  compact  units  to  suit  the  most  exaetDig. require¬ 
ments.  From  the  moment  your  specifications  are^^eiv^!^  until  pro¬ 
duction  is  actually  complete,  your  particular  pro^lsm  becomes  the 
immediate  concern  of  our  competent  design  engineering  stafft-Yedrs 
of  research  and  specialized  experience  is  behind  every  ADC  Filter. 

ADC  Filters  are  especially  adapted  to  Aircraft,  Marine,  Portable  and 
Stationary  installations.  They  can  be  readily  designed  for  high  pass, 
low  pass,  band  pass  and  band  rejection,  or  for  combinations  of 
these  to  obtain  several  pass  and  attenuation  bands.  Too,  you  may 
be  advantageously  able  to  use  an  ADC  Filter  designed  for  imp%d^ 
ance  transformation  —  for  example,  from  line  to  grid. 

If  you  want  the  ultimate  in  advanced  engineering,  maximum  effi¬ 
ciency  and  rugged  mechanical  design,  you  will  do  well  to  consult 
with  us. 

In  addition  to  filters.  Audio  Development 
Company  manufactures  a  complete  line 
of  specialized  transformers,  reactors, 
equalizers,  key  switches,  jacks,  plugs 
and  other  electronic  equipment. 
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TRANSMITTING  TUBES 
CATHODE  RAY  TUBES 


INCANDESCENT  UVMPS 

fijUOrescent  lamps 


SPECIAL  PURPOSE  TUBES 
METAL  AND  VHP  TUBES 


OWENSBORO  KENTUCKY  U  S  A 
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KEN-RAD 


To  all  the  valiant  brothers  and  sisters  fashioning 
victory  in  the  labs  and  assembly  lines 

Ken-Rad  dedicates  its  complete  effort  to  war  for  an 
early  Peace 


To  the  hams 
still  in  mufti 
of  war 


to  the  engineers  to  the  technicians 
to  the  old  hands  at  the  new  games 


f  Universal 
Microphones 
^^et  around 


Apparatus  used  by  Boss  and  blow* 
measurement  of  phase  Telodty  of 
magnetic  wares.  Continuous  wotss  « 
receired  from  a  source  placed  in  lino  1 
the  antennas  and  caused  on  slUpi 
trace  on  the  cathode-roy  tube.  From 
it  was  possible  to  determine  the  pi 
difference  between  currents  in  the 
tennas  and  the  phase  relocity  oi 
wares  between  them 


quency  portion  of  the  spectrum,  tls 
methods  so  far  used  for  the  deter 
mination  of  the  velocity  are  mud 
less  accurate  than  this.  It  may  b 
stated  that  within  the  limits  of  tb 
experimental  accuracy  so  far  at 
tained,  which  is  not  better  than  0. 
percent,  the  velocity  of  propagatio 
of  medium  radio  waves  is  aboo 
2.990x10”  cm  per  second.  The  experi 
mental  evidence  so  far  available  in 
dicates  that  this  value  for  the  veloc 
ity  is  the  same  for  all  radio  wave 
lengths  within  the  accuracy  speci 
fied  above.  There  is  some  evidena 
that  the  phase  velocity  may  be  re 
duced  below  this  value  near  tb 
transmitting  aerial,  and  it  may  als 
be  modified  when  transmission  taka 
place  close  to  the  surface  of  tb 
earth ;  but  it  seems  doubtful  whether 
this  variation  from  the  free  span 
value  amounts  to  more  than  the  ex¬ 
perimental  accuracy,  except  where 
obstacles  such  as  trees  and  moun 
tains  intervene  in  the  path  of  propa 
gation.  In  this  case  it  is  not  neces 
sarily  the  velocity  which  has  altered, 
but  rather  that  the  path  traversed 
has  been  increased. 

This  discussion  leaves  the  prob¬ 
lem  of  the  measurement  or  ralcula 
tion  of  the  actual  time  of  transit  of 
radio  waves  between  sender  and  re 
ceiver  still  open  to  investigation. 
This  type  of  information  may  be  re 
quired  for  a  number  of  purposes  suck 
as  the  use  of  time  signals  for  the 
comparison  of  chronological  stand¬ 
ards  and  for  the  determination  of  dif¬ 
ferences  of  longitude.  For  the  solu¬ 
tion  of  this  problem  a  knowledge  of 


UNIVERSAL  microphones 
really  get  around.  They  actually 
go  places  and  do  things.  Built 
sturdy  and  rugged,  they  with¬ 
stand  climatic  changes  and 
operate  equally  as  well  in  extreme 
hot  and  cold  climates.  They  rep¬ 
resent  the  latest  in  scientific 
achievement  and  engineering  de¬ 
sign.  Complete  microphones,  to¬ 
gether  with  jacks,  cords,  plugs, 
switches,  and  other  integral  parts 
are  made  at  the  new  UNIVER¬ 
SAL  plants  in  Inglewood,  Cali¬ 
fornia.  Today,  of  course,  their 
production  is  devoted  solely  to 
military  items  for  prime  and  sub¬ 
contractors,  but,  when  tomorrow 
comes,  and  with  it  a  new  stand¬ 
ard  of  living  in  which  voice 
communication  via  radio  and 
electronics  will  play  an  extremely 
important  part  these  same  in¬ 
struments,  and  many  new  models 
as  well,  will  once  more  be  avail¬ 
able  through  the  usual  radio 
trade  channels  to  a  public  made 
even  more  voice  communications 
conscious  than  in  pre-war  days. 


Available  from  stock,  1 700U 
series  microphone.  Single 
button  carbon  type,  push- 
to-talk  switch,  etc.  For 
trainers,  inter-communica¬ 
tion  and  general  transmit¬ 
ter  service. 


UNIVERSAL  MICROPHONE  CO.  LTD. 

INGLEWOOD,  CALIFORNIA 
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Rccsivcik  a 

H 

3 

RlKSivaa  B 

Production  for  the  Present 
Engineering  for  the  Future 


Our  electronic  engineers  ore  ready 
to  work  with  you  —  to  help  design 
a  hook-up  for  war  machines,  es¬ 
sential  products  or  post-war  models 
—  that  will  embody  the  latest  com¬ 
bat-tested  electronic  developments. 


GentlenuMn  Products  Division  of 


HENNEY  MOTOR  COMPANY 


Main  Office:  Freeport,  Illinois 
Factory:  Omaha,  Nebraska 


the  free  space  speed  is  on:/  one 
quirement;  it  still  needs  a  pr^ 
specification  of  the  actual  path,  i 
tilinear  or  otherwise,  follov^  -d  by 
waves,  and  of  any  modification  to 
velocity  value  produced  by  atn 
pheric  or  ionospheric  conditions. 
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above  is  an  idea  of  how  HARVEY-wELLS  communications  equipment 
’’steps  in”  to  a  particular  industrial  problem. 

In  an  industrial  plant,  with  a  problem  similar  to  that  illustrated 
above,  where  wiring  is  impractical,  HARVEY-WELLS  equipment  fits 
the  picture  perfectly,  because  the  crane  operator  receives  direct, 
instantaneous  instructions  from  the  floor  man  regardless  of  noise 
or  confusion. 

No  doubt  you’re  thinking  of  post-war  operations  in  your  own 
business,  and  communications  belong  in  your  plans.  Of  course,  the 
actual  instruments  aren’t  available  today,  BUT  the ’’know-how”  is;  and 
because  of  what  we’re  doing  today  for  our  government,  YOUR  equip¬ 
ment  will  be  BETTER  in  design,  lighter  in  weight  and  more  compact 
through  skilled  engineering. 


MINE  DETECTOR 
DEMONSTRATION 


Tell  us  about  your  irt- 
dustry  and  what  your 
communications  prob¬ 
lems  are;  and  we'll  do 
some  practical  "pencil 
drrodlin’ "  (or  you. 


hArvcy-wells 

v^HuttumcrUum  ittc. 


HEADQUARTERS 

for  Specialized  Radio  Communications  Equipment 

SOUTHBRIDGE,  MASS. 
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UNITED  SCREW  AND  BOLT  CORPORATION 

i  CHICAGO  CLEVELAND  NEW  YORK 


To  the  man  in  the  field  .  .  .  the  battle  field,  the  farm  field,  the  flying 
field;  out  on  the  highways  and  byways  of  the  world  .  .  .  the  humble 
screwdriver  is  a  stand-by. 

'  Modem  high  speed  assembly  lines,  using  clutch  head  screws 
to  “button  up”  implements  and  machines  of  war  and  peace,  do  not 
overlook  the  problems  of  this  man  in  the  field.  They  know  that  the 
Center  Pivot  Assembly  Bit  they  use  is  twin  brother  to  this  standard 
type  screwdriver  .  .  .  virtually  a  magic  wand  that  unlocks  the 
security  of  clutch  head  screws  when  field  repair  or  adjustment  is 
a  (nntical  need. 

CLUTCH  HEAD  SCREWS,  as  used  today  in  vital  war  service,  meet 
all  the  essential  demands  for  speed,  safety,  security,  and  lowered 
costs  in  modern  assembly  .  .  .  plus  the  exclusive  facility  that 
they  operate  with  ordinary  type  screwdrivers. 

United  invites  you  to  send  for  fully  illustrated  clutch  head 
Brochure  .  .  .  also  for  package  assortment  and  sample  Center  Pivot 
Assembly  Bit. 


CLUTCH  HEADS  are  the  most 
modern  screws  on  the  mar¬ 
ket  today.  They  have  defi¬ 
nite  exclusive  advantages 
that  make  them  preferred 
on  assembly  lines  using 
Standard  or  Thread-form¬ 
ing  types  for  every  purpose. 


There  is  important  economy 
in  the  long  total  life  of  this 
rugged  Center  Pivot  Assembly 
Bit.  A  brief  application  of  end 
surface  to  a  grinding  wheel 
restores  original  efficiency. 
No  “back-to-the-factory” 
shipment  for  reconditioning. 
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p  '  CLAROSTAT  MFG.  CO.,  Inc.  •  285  7  N.Bth  St..  Brooklyn.  N.Y 


V-T  Voltmeter 


(Continued  from  page  104) 


sible  to  limit  the  total  current  which 
can  flow  through  the  meter,  even 
with  a  severe  overload  at  the  voltag* 
input  terminal. 

In  order  to  assure  that  the  volt¬ 
meter  produces  an  accurate  indict- 
tion  at  all  times,  a  somewhat  i.nusut] 
method  of  checking  the  calibratiw 
has  been  applied.  This  method  con¬ 
sists  of  using  a  Mallory  grid-biai 
cell  as  a  standard  with  which  the  a-c 
operated  circuit  can  be  calibrated. 
A  bias  cell  is  useful  for  this  purpose 
because  of  its  very  small  size  and 
because  it  maintains  a  constant  term¬ 
inal  voltage  “over  long  periods  of 
time.  If  the  cell  has  first  been  aged 
for  about  1000  hours,  and  if  no  direct 
currents  larger  than  10 ''  ampere  flow 
in  the  cell  circuit,  the  output  voltage 
of  a  li  volt  cell  may  be  expected  to 
be  maintained  under  normal  temper¬ 
atures  to  within  dt  2  percent  of  ih 


if  Clarostat  continues  to  be  engaged  100% 
in  the  most  important  job  oi  all— winning  the 
war— on  land,  sea  and  in  the  air. 

But  alter  victory  has  been  won,  Clarostat 
promises  the  trade— servicemen,  jobbers  and 
others— that  Clarostat  products  lor  initial  and 
replacement  uses  alike,  will  once  more  be 
generally  avadlable  lor  peacetime  pursuits. 
Meanwhile,  let's  keep  'em  rollingl 
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were  made  to  be 
solved 


ELECTRONICS  RESEARCH 

Technicians  of  Delco  Radio  are  carrying  forward 
pioneer  research  in  the  field  of  radio  and  electronics. 


For  maoy  years  before  the  war,  Delco  Radio  engi¬ 
neers  were  meeting  and  solving  the  problems  of 
automotive  radio  .  .  .  and  putting  their  answers 
into  mass  production  on  the  assembly  line. 

This  practice  gave  Delco  Radio  technicians  a  head 
start  on  the  problems  of  automotive  radio  for  war, 
and  prepared  Delco  Radio  for  the  task  of  produc¬ 
ing  intricate  war  radio  parts,  components  and 
assemblies  in  large  quantity  and  of  uniformly  high 
quality  of  manufacture  at  a  lower  cost.  Ability 
quickly  to  combine  research  engineering  with 
mass-production  methods  has  been  applied  in  full 
measure  to  meeting  the  needs  of  the  armed  forces. 

Whether  the  task  at  hand  is  one  of  pure  research, 
or  of  mass-production  methods,  or  a  combination 
of  both,  Delco  Radio  is  adequately  equipped  and 
experienced  to  do  the  job.  Delco  Radio  Division, 
General  Motors  Corporation,  Kokomo,  Indiana. 


PROCESS  ENGINEERING 

Delco  engineers  are  equipped  through  years  of 
experience  to  translate  swiftly  the  product  of  re¬ 
search  and  design  into  practical,  useful  products. 


Back  the  Attack  — 

WITH  WAR  BONDS 


PRECISION  ON  A  PRODUCTION  BASIS 

Delco  specializes  in  the  ability  to  mass-produce 
highly  intricate  products.  Years  of  experience  in 
the  automotive  radio  field  qualify  Delco  for 
vehicular  radio  production  for  war. 
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From  Training  Center 


UTSe 

1 


ToXActual  Combat 


reading  ranges  both  on  th.e 
on  the  d-c  settings. 

The  input  impedance  of  '  he  ir 
ment  with  the  switch  th 
position  is  a  resistance  o'  lo 
ohms  shunted  by  a  capacitance 
micro-microfarads.  With  fries 
on  the  a-c  position,  the  “ii  ipeii 
is  rather  complicated  because  i 
rectifier  action  of  the  dioo,  bi 
loading  effect  upon  most  cncui 
countered 


in  ordinary  1  ibora^ 
work  has  been  found  to  be  neeli 
small. 

With  a  General  Radio  m*  del72n 
vacuum  tube  voltmeter  as  a  taiv' 
the  a-c  operated  voltmeter  as  ht. 
described  can  be  considered  to 
useful  and  reliable  for  freqiur 
between  50  and  20x10*  cps.  Over  > 
range,  the  a-c  operated  voltn;> 
should  be  accurate  to  within  5  ;k 
cent  of  full  scale  deflection. 

Any  vacuum-tube  voltmeter  of  t 
peak-reading  type,  of  which  the  i 
strument  under  consideration  is 
example,  is  subject  to  serious  r  rm 
if  a  calibration  based  upon  i 
mean-square  sinusoidal  voltage 
used  to  measure  voltages  of  : 
sinusoidal  wave  form.  A  perce: 
error,  equal  to  the  percentage 
harmonic  amplitude  present  in  * 
voltage  being  measure,  is 

The  a-c  operated  vacuum-tube 
meter  as  constructed  measures  6  i 
by  11  in.  by  4  in.,  so  that  it  is 
enough  to  carry  conveniently,  ll  .n 
upon  prewar  prices,  the  total  value 
the  parts  used  in  the  voltmeter  is  ' 


KELLOGG  Commuttkatiott  Equipment 
Supplies  Many  Vital  Needs 

•  From  the  time  our  fliers  enter  the  service 
they  are  supported  by  the  most  dependable 
communications  equipment  in  the  world.  At 
training  centers,  efficient  switchboards  keep 
things  humming.  Over  enemy  territory,  sensitive 
microphones  carry  the  vital  words  of  fighting 
airmen.  Both  are  supplied  in  important  quantities 
by  Kellogg,  along  with  scores  of  other  types  of 
communication  parts  and  products,  some  of 
which  are  listed  at  the  right.  All  reflect  the 
engineering  skill  and  fine  manufacture^  which 
have  made  this  46-year  old  firm  a  leader  in  the 
field  of  fine  communication  and  industrial 
electrical  equipment. 

KELLOGG  SWITCHBOARD  &  SUPPLY  CO. 

66M  S.  Cicero  Avo.  •  Chicago  38,  illinois 


Appears  on  These  and 
Many  Other  Communi¬ 
cation  Products: 

Hand,  Throat,  Paim  and 
Desk  Microphones 
Radio  and  Telephone 
Earphones 
Head  and  Chest  Sets 
Radio  Noise  Filters 
Capacitors— Wax  and  Oil 
Impregnated 
Multi-contact  Plugs  and 
Sockets 
Band  Switches 
Volume  Controls 
Cord  Assemblies 
Crash  Alarm  Systems 


INDIA  CONTRIBUTES 
TO  WAR 


The  Women's  Auxiliary  Corps  in  lDdic| 
ploying  a  vital  port  in  the  air  war.  ^ 
tain  members  have  been  selected  ior  d 
location  work  and  operate  with  th« 
Air  Force  in  the  Indian  Air  Fore*.  ^ 
woman  shown  here  is  o  radio  oi^ 
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when  Will  "The  Age  Of  Electronics’’  Begin? 


TEi£  answer,  obviously,  is  when  the  war  is 
won,  for  only  then  can  America's  scientists 
and  engineers — now  concentrating  on  elec¬ 
tronics  for  wau: — devote  aU  of  their  efforts  to 
applying  electronics  to  peacetime  uses.  But 
because  it's  their  nature  to  prepare  for  the 
unpredictable  future,  many  of  them,  despite 
heavy  working  schedules,  are  already  thinking 
about  post-war  products  utilizing  their  elec¬ 
tronic  discoveries. 

If  you  are  one  of  these  men,  working  on  war¬ 
time  or  post-war  problems,  we'd  like  to  suggest 
that  you  consider  incorporating  the  principle 
of  the  permanent  magnet,  and  that  you  ask  us 
for  any  information  you  need.  Because  we've 


sp)ecialized  in  this  one  field  for  33  years,  we've 
been  aible  to  design  and  produce  permanent 
magnets  that  have  improved  the  functions  and 
increased  the  uses  of  many  vited  electronic  de¬ 
vices,  as  well  as  countless  other  important  prod¬ 
ucts.  To  these  we  made  a  valuable  engineering 
contribution.  To  you  we  offer  the  same  service. 

Though  our  plant  (the  nation's  largest  spe- 
ci^dizing  in  the  making  of  permanent  magnets) 
is  devoted  to  war  orders,  our  engineers  will  be 
glad  to  consult  with  you  and  give  your  problems 
the  benefit  of  their  unusual  experience. 

Write  for  the  address  of  our  office 
nearest  you  and  a  copy  of  our  30- 
page  "Permanent  Magnet  Manual". 


lit’s  speed  victory  these  two  ways:  by  more  war  production  and  by  buying  more  War  Bonds  I 

_ _ _ 

IIVDIAIVA  STEEli  PROOUCTS 

*  SPECIAflSTS  IN  PERMANENT  MAGNETS  SINCE  1910  * 

«  NORTH.  MICHIGAN  AVENUE  •  CHICAGO  7,  ILLINOIS 
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than  $25,  a  reasonable  figure.  Th^ 
in  both  size  and  cost,  the  4;-c  op. 
ated  instrument  is  satisfact<  i-y  v^v. 
compared  with  existing  co  mere’ 
vacuum-tube  voltmeters,  and  its  st 
bility  and  accuracy  have  be<  n  fouj 
adequate  for  ordinary  laboratory  m 
The  author  wishes  to  acki  owled 
his  indebtedness  to  Mr.  G.  T.  Coa‘ 
of  M.  I.  T.,  who  did  some  trigi- 
work  on  a-c  operated  amplifiers  ai 
thereby  stimulated  this  rese:  rch,a] 
to  Professor  T.  S.  Gray,  of  M.  I. 
who  offered  many  helpful  sug?, 
tions  during  the  experimental  woi 


<rf-a-c  operate 
it  becant 

necessary  to  have  some  method  fn 
determining  the  operating  conditioj 
of  the  vacuum*  tubes.  There  prove 
$0  be  yery  little  available  literatia 
oh  thfr. subject, so  that  it  vn 
i^essary  to  develop  some  new  graph 
ical^  and  analytical  methods  whie 
would  apply.  Because  of  their  sia 
plicity,  the  fact  that  pentodes  seerin 
to  offer  no  particular  advantaga 
and  because  double  triodes  wer 
available  whereas  no  applicable  do^ 
ble  pentodes  seem  to  be  manufsi 
tured,  triodes  were  used  in  the  vaw 
uum-tube  voltmeter  which  was  dtj 
veloped.  For  these  reasons,  the  foil 
lowing  analysis  applies  to  triodj 
only. 

The  list  of  symbols  used  in  m 
analysis  is  given  below  so  that  t'rl 
calculations  and  discussion  may  li 
followed  more  easily.  Some  of  they 
symbols  appear  in  Fig.  5. 

E,  =  Direct  voltage  rise  from  cathode j 
grid. 

£»»  »  Direct  plate  supply  voltage. 

Eh  »  Direct  voltage  rise  from  cathode  t 
plate. 

Eh,  =  “Cut-ofif”  plate  voltage  for  a  ei." 
E.,  defined  by  Eh,  =  iiE,. 

E'hh  =  Peak  value  of  alternating  plate 
ply  voltage  rise  from  cathode. 

Ih  ==  Direct  plate  current. 

»'»  =  Peak  value  of  plate  current  la 
by  the  application  of  an  alirrHa'.:: 


SIGMA 
Type  5F 

Weights  3^^  oc. 


70o4tt  tAc  O.OOOS  TOatt  /4cl‘fi€4tmeMt 

SIGMA’S  St^ic^S  ScituMt^c 

With  0.(»5  Watt /MHistiiieiit,W10^  ) 


Lbratxon  „>T^erature.  \ 

...and  meet  all  aircraft  spedficatioiis 


^  ^  ^  -  ★  Ute  of  Hydrogen  Annealed  Nick- 

W  et-lron  eliminalet  residual  effects. 

■Ar  Contacts  rated  from  2-10  amps  'A'  Conical  pivots  prevent  armature 

depending  on  requirements  and  con-  play. 

ditions.  ^  Duralumin  I-Beam  subframe 

'At  Extremely  efficient  2-coii  mag-  construction  for  great  mechanical 

netic  circuit.  strength. 

*0.0005  Watt  Adjustmeitt  Satisfactory  for  Light  Duty  Statiortary  Installations 


plate  voltage  of  magnitude  Ehh 
a  —  The  conduction  angle,  in  rs  i 
during  which  plate  current  rio« 
whoi  an  alternating  plate  vn't-f 
is  applied  to  the  tube. 

(d  =  Angular  frequency  of  the  appl:^ 
plate  voltage  *  2ir  X  60  ■ 

sec  in  the  experimental  work. 

=  The  usual  dynamic  tube 
istics. 

Any  other  terms  used  are  defined  - 
the  body  of  the  analysis. 

Tube  characteristics  of  the  ty;; 
shown  in  Fi^.  6  are  assumed  in  tl:: 
analysis.  This  is  the  standard 
sumption  that  the  triode  ch;tracicr 


SIGMA 
Typo  5A 
2j^*  Dis.  X  1^' 
Above  Socket 


SIGMA 
Type  5R 
lK*x  IK**  iVs 
Above  Socket 
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•  Our  eyes  and  ears  are  the  advance  guards 
of  our  mind’s  march  forward.  Whatever 
widens  the  horizons  of  human  vision  and 
K  hearing,  reveals  new  vistas  of  knowl- 
edge.  So  our  chosen  work  for  more 
than  forty  years  has  been  explora- 
tion  of  uncharted  realms  of  sight 
and  sound.  Starting  with  the 
humble  incandescent  lamp, 
progressing  to  radio  and  elec- 
tronic  tubes,  fluorescent 
\  lamps  and  equipment,  we  are 
today  busy  with  ventures 
which  are  contributing  vitally 
^  winning  of  the  war. 

And  important  as  these  may 
be  to  Victory,  their  full 
flower  will  come  as  en- 
during  boons  to  better 
living  in  the  years  be- 
yond.  How  could  any- 
one,  glimpsing  the  rich  promise 
of  the  future,  be  content  to  do  each 
^  day’s  work  with  a  firm  resolve  to 
maintain  anything  less  than  the  highest 
standards  known! 


ELECTRIC  PRODUCTS  INC 


MAI(m(»INCANDe5CSHT  LAMPS,  FLUOKESCtHT  LAMPS,  fDCTUKSAHDACCE5SOUES,IM3IOnJ»B^CA1HODe  PAY  TUBES  AHD  ELECnONK  DeVKSS 


VITAL  TO  VICTORY  IS  the  ever«increasing  number  of  electronic 
devices  that  miraculously  bridge  the  gap  between  man  and 
the  mochine  tool  in  war  industry.  Electronic  contributions  to 
technology  make  inspection  and  processing  more  automatic  and 
foolproof.  From  long  experience,  Syivcnia  hos  developed  and 
applied  electronic  tubes  to  industrial  as  well  as  military  uses. 
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HOW  TO  REPLACE  CUTTING  TOOLS 


that  can’t  be  salvaged 


3i24  SUNSIT  BIVD  lOS  ANCFltS  7&  •  MANUFACTURtRS  PRFCISION  TOOLS  PRFCISlOh  PARTS 


istics  are  linear,  parallel,  a^  d  eq 
distant.  A  further  assumption 
made  that  the  alternatinsr  ph  te  v; 
&ge  is  sinusoidal.  This  wa>  tacj 
assumed  above  in  the  defin.tion 
u).  In  Fig.  6,  the  angle  is  given 


From  the  same  figure,  the  ooiid 
tion  angle  a  is  seen  to  be 


Thus 


When  worn  or  broken  cutting  tools  They  use  a  minimum  of  tool  steel, 
can’t  be  reclaimed  for  further  service,  in  cutting  blades  only;  these  can  be  re¬ 
replacement  should  be  made  with  tools  sharpened  repeatedly,  replaced  eco- 
that  conserve  vital  materials,  time  and  nomically.  Being  adjustable,  a  few  sizes 
labor.  CLARK  CUTTING  TOOLS  do  the  work  of  many  other  tools,  slash 
comply  with  these  critical  requirements,  inventory.  They  make  clean,  finished 
do  better  work  quicker.  cuts,  reduce  operations. 


In  Fig.  6  the  plate  voltage  of  tb? 
tube  for  the  positive  half-cycle  ij 
shown  as  the  half  sinusoid  drawn  be¬ 
low  the  tube  characteristics.  The 
amount  of  this  voltage  which  is  ef¬ 
fective  in  causing  plate  current  i? 
determined  by  the  grid  voltage  of 
the  tube;  in  Fig.  5,  the  shaded  am 
represents  this  effective  voltage.  The 
average  plate  current  flowing  in  i 
tube  operating  under  the  conditions 
represented  by  Fig.  6  is  simply  the 
average  of  the  plate  voltage  in  the 
shaded  area,  divided  by  the  plate  rf 
sistance  of  the  tube.  Careful  studj 
of  Fig.  5  will  reveal  that  this  aver¬ 
age  plate  current  is  given  by 


FLY  CUTTER 


EXAMPLE  NO.  / 

Clark  Adjustable  3-Blade  Hole  Cutters 
make  accurate,  smooth  holes  in  flat  or  curved 
metal,  plastics,  wood,  transite.  7  sizes  cut 
to  5",  up  to  1"  thick.  No  reaming, 
deburring.  Fewer  operations  are  required. 


EXAMPLE  NO.  2 

Clark  Adjustable  2-Blade  Fly  Cutters.  2 
sizes  cut  holes  or  discs  2Vi''  to  10",  up  to 
1"  thick.  Pitched  blades  cut  true,  relieve 
chatter.  Other  models  cut  gaskets,  rings, 
discs  from  live  rubber,  probler^  materials. 


Also  from  Fig.  5  it  is  seen  that 


Therefore,  from  (4),  (6),  and  (6), 


SURFACE  FACER 


IKAUPie  NO.  4 

A  real  tool  bit  corsserver!  Special  Model 
C  for  accuracy,  uniformity  in  grinding 
Clark  Hole  Cutter  Blades.  Also  investigate 
Mechanic’s  MODEL  A  and  Heavy  Duty 
MODEL  B  for  grinding  both  National  60° 
and  Acme  29°  tool  bits-both  models  handle 
bits  for  use  in  Armstrong  Tool  Holders. 

WRITE  FOR  BUUETIN  NO.  E-10 

In  Canada:  DOMINION  BEARINGS,  LTD.,  TORONTO,  MONTREAL,  WINNIPEG 
Export:  The  AMERICAN  STEEL  Export  Company,  Inc.,  New  York,  Los  Angeles 


EXAMPLE  NO.  3 

Clark  Adjustable  3-Blade  Facing  Tools.  4 
sizes  cover  all  fractional  diameters,  1 V^"  to 
5",  do  the  work  of  End,  Shell  and  Slab 
Mills,  Inserted  Tooth  Cutters.  Fit  all  ma¬ 
chines.  Tools  available  with  all  types  of 
blades,  including  carbide  tips. 


Hence 


This  can  be  rewritten  in  a  more  uk- 
ful  form  as  given  below: 
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in  the  interests  of  hundreds  of  engineers,  de¬ 
signers,  and  production  executives,  to  whom 
better  coil  and  flat  springs  are  of  vital  impor¬ 
tance,  Instrument  Specialties  Company  is  plan¬ 
ning  a  comprehensive  exhibit  of  “Micro-proc¬ 
essed”  beryllium  copper  springs 
and  engineering  data — to  be 
shown  at  the  National  Metal  Con¬ 
gress,  Room  713,  Palmer  House, 
i  Chicago,  from  October  18th 

^  througli  the  22nd. 


“Micro-processed”  beryllium 
copper  springs  are  setting  new 
standards  for  spring  design  and 
performance.  In  the  past  nine 
months.  Instrument  Specialties 
has  had  innumerable  requests  for 
detailed  information  on  the  met¬ 
allurgical,  design,  physical  and 
electrical  properties  made  pos¬ 
sible  by  this  process.  Therefore,  we  are  as¬ 
sembling  under  one  roof  in  Chicago,  the  best 
informed  members  of  our  staff,  who  will  be 
pleased  to  discuss  with  you  any  phase  of  Micro- 
processed  springs  and  their  most  effective  use. 

The  metallurgical  director,  chief  design  engi¬ 
neer,  and  others  of  the  Instrument  Specialties 
organization  will  be  in  attendance,  backed  up 
by  technical  information  of  real  value  to  users 
of  springs.  This  is  our  cordial  invitation  for 
you  and  your  associates  to  make  it  a  point  to 
get  at  first  hand  the  exceptional  story  of 
“Micro-processed”  beryllium  copper  springs. 

Room  713,  Palmer  House,  Chicago. 

October  18th  to  the  22nd. 


INSTRUMENT  SPECIALTIES  CO.,  INC 
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The  form  of  (11)  makes  itevide 
that  the  result  is  dependent  oi 
upon  the  ratio  nE,/E\^.  Thus  (l 
is  a  universal  equation  that  can 
used  for  any  triode  to  which  are  t 
plicable  the  assumptions  previom 
mentioned. 

Since  Eq.  (11)  is  somewhat  coi 
plicated,  the  relationship  oetwe 

^  and  —  ^  has  been  plotted  in  Fi 

6.  It  will  be  noticed  that  this  rel 
tionship,  the  solid  line  of  Fig.  6,  a 
proximates  a  straight  line  rath 
closely.  The  assumptions  made  in  ti 
preceding  derivation  are  sornetitr) 
rather  far  from  the  true  state  i 
affairs,  so  that  it  seemed  justifia’D 
to  approximate  the  calculated  cur 
of  Fig.  6  by  the  dotted  straight  Hr 
This  straight  line  has  the  i  qiist; 


We’re  going  to  "tune" 
a  400  cycle  meter 


1  itch  pipes  or  ordinary  timinq-forks 
are  good  enough  for  musicoi  instru* 
ments  where  human  error  is  expected 
— ^but  not  for  electrical  instruments. 
Tuning-fork  electronic  oscillators  of 
our  own  design  are  used  to  calibrate 
J-B-T  Vibrating  Reed  Frequency 
Meters  because  this  is  the  most  scien¬ 
tific,  most  accurate  method  we  know 
of.  Reeds  are  calibrated  twice — once 
before  assembly  and  later  in  the  com¬ 
pleted  instrument.  Before  shipment 
each  instrument  is  given  a  final  check 
for  accuracy  of  resonance. 

Equally  important  to  you  is  the  J-B-T 
practice  of  "engineering"  the  instru¬ 
ment  to  fit  the  Job.  Take  the  new  400 
cycle  meter  at  the  right  To  obtain  full 
reed  amplitude  with  low  power  con¬ 
sumption  at  400  cycles,  special  de¬ 
sign  and  construction  are  required. 
For  example,  the  reed  mounts  are  con¬ 
siderably  longer  than  in  models  for 
lower  frequencies,  and  both  driving 
coil  and  permanent  magnets  are 
mounted  near  the  free  ends  of  the 
reeds. 

The  new  400  cycle  meter,  like  all 
other  J-B-T  Vibrating  Reed  Frequency 
Meters,  requires  no  adjustment  while 
in  service,  even  under  adverse  vibra¬ 
tion  conditions.  It  is  not  affected  by 
wave  form,  normal  temperature 
changes  or  external  magnetic  fields. 
Simply  READ  the  REED  and  thatls 
your  frequency. 

gFor  full  de¬ 
scription  of  the 
complete  line 
of  J-B-T  Vibrat- 
ing  Reed  Fre-  I 
quency  Meters,  ^ 

send  for  Bulle- 
Un  VF-43. 


Sise  .  .  .  314"  flange  diameter.  Black  metal*  cose 
for  flush  panel  mounting.  Single  window  type  . 

9  to  11  reeds.**  Five  or  ten  cycle  increments.  Accu¬ 
racy  ...  0.3%  under  normal  operating  tempera¬ 
tures.  Minimum  voltage  .  .  .  100.  Power  consump¬ 
tion  .  .  .  1.75  watts.  Ohms  per  volt  .  .  .70. —  at 
400  cycles. 

*Molded  3.V4"  case  to  meet  ASA  spedficcitions  C39.2- 
1943  for  mounting  will  be  avoilable  shortly. 

**9Hreed  instnimenU  for  380-420  cycles  in  production; 
other  ranges  and  reed  groupings  avcdlable  on  spe¬ 
cial  order. 

125  D.  4  36 

“  /HARDWARE  ,3-  t- 

-nh//  STANDARD  «|p-a 


The  form  of  (12)  emphasizes  tj 
fact  that  the  ratio  of  the  direct  pH.| 
current  which  flows  in  the  tube  I 
the  peak  current  is  the  average  of 
half-wave  rectifled  sinusoid  dirr  ^ 
ished  by  a  term  which  depends  up 
the  magnitude  of  the  grid  bias.  (Noi 
that  E,  is  negative  for  all  the  ca- 
considered  in  this  analysis.) 


REFERENCES 


(1)  Coate,  Q.  T.,  Unpiibllaherl  note*,  r. 
in  Course  6.201,  M.  I.  T.,  Cambridge.  V 
Summer  1942. 

(2)  Schwaramann,  W.  A.,  Prediction  of  i 
Output  of  Alternating  Current  Oi.r 
Ampliflers,  K.  B.  Dept.,  M.  I.  T..  Bafb 
of  Science  Thesis,  1948.  See  aim  Pf 
Output  of  A-C  Operated  Ampliflers.  by  W. 
Schwaramann,  Electronics,  August,  19t: 


SILICON  STEEL  samples  are  in 
ductively  heated  to  2700  deg  F  wi  | 
500-kc  G-E  induction  heating  eqi;'? 
ment  to  determine  the  carbon  fnnt. 
to  an  accuracy  of  0.001  percent  Tl 
lower  the  carbon  content,  the 
is  the  core  loss  in  transformers. 


1.  Cos*  .  .  6.  Reed  Mounting  Bar 

2.  Bose  ^  7.  Driving  Coil 

3.  Dial  8.  Permanent  Magnets 

4.  Central  Mounting  Frame  9.  Series  Resistor 

5.  Spring  Steel  Reeds  10.  Terminal  Studs 

11.  Long  Reed  Mount 

^  (Reed  and  reed  mount  from  60  cycle 
^  instrument — for  comparison) 

(Manufactured  under  Triplett  Patents 
and/or  Patents  Pending) 

10-JBT-S 


IMPLOSIONS  of  large  cathode  r. 
tubes  invariably  result  in  pulverr 
ing  of  the  glass  envelop,  with 
ling  sound  effects  but  no  injury  t, 
those  nearby  and  no  large  flying  ff 
siles,  according  to  “Diallist”  '  l  i-i  ^ 
in  the  British  magazine  TFtn 
World. 


431  CHAPEL  STREET  •  NEW  HAVEN  8,  CONNECTICUT 
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The  Solderless  Terminal  that 


PERMITS  uniform  installafion  wifh  un¬ 
skilled  labor.  Provides  a  strong  me¬ 
chanical  joint  that  withstands  severe 
vibration. 

Used  by  leading  electrical  contractors. 
Approvea  by  prominent  electrical  engi¬ 
neers. 

Cut  down  installation  time  and  save 
valuable  man-hours  by  using  "Grip-it" 
Solderless  Terrpiilials. 

IN  THREE  FINISHES 

Silver  Nickel  Hot  ffS 

Send  for  Sample*  and  Quofations. 

Let  us  have  your  prints  and  specifications. 
Quick  response  to  Inquiries! 

STEWART  STAMPING  COMPANY 

621  East  216th  St.,  New  York  67.  N.  Y. 

BUY  MORE 
WAR  BONDS  ^0 
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NEWS  OF  THE  INDUSTRY 

Machine  gun  sound  effects ;  wire  recorder 
for  Army;  science  book  for  blind;  spa¬ 
ghetti  aligns  filaments;  free  War  courses; 
new  calls  for  FM  stations;  standards  for 
glass-bonded  mica;  wire  sizes;  I.R.E. 
Rochester  Fall  Meeting  Program 


Machine  Gun  Trainer 
with  Sound  Effects 

A  MACHINE  GUN  TRAINER  that  fires 
lead  pellets  instead  of  real  bullets, 
and  allows  soldiers  to  hear  sounds 
that  simulate  battle  conditions,  is 
being  used  by  the  Army  and  was 
shown  to  the  public  in  the  Army  War 
show  given  by  the  Sixth  Service  Com¬ 
mand  on  tour. 

The  gun  is  a  mock-up  of  the  regu¬ 
lation  M-2  machine  gun  and  contains 
an  electro-hydraulic  drive  developed 
by  G-E  for  firing  J20  lead  pellets  per 
minute.  The  pellets  are  white  and 
simulate  tracer  bullets  that  appear 
every  five  rounds  in  a  standard  ma¬ 
chine  gun.  For  use  at  night  ultra¬ 
violet  light  and  fluorescent  bullets 
can  be  employed. 


In  training  camps  the  gun  is 
mounted  so  that  model  planes,  sus¬ 
pended  from  wires,  travel  around  and 
toward  the  gunner  from  all  direc¬ 
tions.  The  models  are  scaled  and 
move  at  a  speed  to  correspond  to  that 
of  a  real  plane  at  500-yard  distance 
and  can  simulate  plane  speeds  up  to 
500  miles  an  hour. 

A  phonograph  record  feeds  into  an 
amplifier  to  reproduce  the  sound  of  a 
standard  50-calibre  machine  gun 
amid  typical  battle  noises.  The  am¬ 
plifier  system,  developed  by  Operadio, 
supplies  two  large  speakers  mounted 
directly  above  the  gunner’s  position. 
About  1,000  of  the  training  guns  are 
in  use  in  army  camps  and  it  is  esti¬ 
mated  that  they  save  a  total  of  $10,- 
800,000  every  hour  they  are  used  for 
training. 


Wire  Recorders  for  Army 

Army  personnel  in  North  At  ica 
who  cannot  pick  up  U.  S.  radio  pro¬ 
grams  directly  are  hearing  the  A  my 
Hour  broadcast  and  news  progi.ims 
from  an  electronic  sound  reco>der 
and  playback  unit  that  uses  wire  in¬ 
stead  of  the  conventional  record. 

Two  news  roundups  and  the  A;  my 
Hour  program  broadcast  are  re¬ 
corded  on  the  wire  each  week  by 
G-E  engineers.  Spools  of  the  wire 
are  then  air-mailed  to  Washington, 
and  from  there  are  flown  to  Algiers 
by  transport  plane. 

The  photograph  shows*  the  com¬ 
bination  recorder-playback  unit  in 
use.  It  records  66  miruites  of  contin¬ 
uous  sound  on  11,500  feet  of  thin 
steel  wire  that  is  rolled  up  on  a 
small  spool.  The  unit  also  permits 
erasing  the  recorded  sounds  from  the 
wire  so  that  it  may  be  used  over 
again. 

A  portable  wire  recorder,  also  in 
production  by  General  Electric, 
weighs  about  nine  pounds  and  op¬ 
erates  from  batteries.  This  is  de¬ 
signed  for  field  service  and  has 
proven  sucessful  in  experiments  in 
jeeps  and  in  planes  30,000  feet  above 
the  ground. 

The  army  hopes  that  the  portable 
recorder  will  bring  a  new  dimension 
and  flexibility  to  radio’s  coverage  of 


lloeliin*  91x11  traiB*r  conslatinq  oi  an  •Inctro-hydraiilic  machins  gun  and  a  ampUiler  that  rnproducM  th*  soundi  oi  o  ■jia  enginee 


SO-colibr*  gun  being  fired  against  background  noises  oi  dire  bombers,  heary  guns  ond  other  battle  sounds.  Edison  General 
Q#ctrie  Co.  engineers  the  hydraulic  gun.  Operodio  Mfg.  Co.  developed  the  speaker  and  amplifier 


I 


SC!S(f»*’ 


K The  size  of  the  rivets  . . . 

the  gauge  of  cable  wire 
were  as  carefully  deter- 
mined  and  important 
as  the  planning  of  the 
foundations  for  the  great 
San  Francisco  •  Oakland 
..  •  ®*y  bridge.  Such  master 

I  .  engineering  serves  to 

icmphasize  the  fact  that  every  tiny  detail  in  an  engineer¬ 
ing  project  is  of  the  utmost  importance. 


engineers  to  produce  radio  parts  and  equipment  and 
they’ve  been  doing  it  for  over  10  years.  Everything 
from  a  coil  turret  (illustrated)  to  the  most  complicated 
transmitter  equipment.  The  dependability  of  the  equip¬ 
ment,  engineered  and  produced  here,  pays  dividends 
in  lives  saved  on  the  sea,  in  successes  achieved  on  the 
battle  fronts,  and  in  the  general  improvement  of  radio 
communications. 

Techrad  engineers  are  firm  believers  in  the  principle 
that  anything  worth  building  at  all  is  worth  building 
well.  For  10  years  this  basic  idea  has  permeated  the 


MSTER  ENGINEERWC  T/IXES  NOTHIIK  FOR  CRANIED 


The  products  of  Technical  Radio  Co.,  are  not  huge 
physii  ally  but  they  provide  an  example  of  what  can  re¬ 
sult  f'-om  the  careful  concentration  upon  every  detail 
in  engineering  and  fabrication.  It  is  the  job  of  Techrad 


whole  organization  with  the  result  that  every  Techrad 
product  is  backed  by  sound  engineering. 

TECHRAD  PRODUCTS 


/*'  TECHNICAL  RADIO  CO.,  275  NINTH  STREET,  SAN  FRANCISCO,  CALIFORNIA 
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HEXAGON  ELECTRIC 
SOLDERING  IRONS 


A  wir*  recording  oi  the  Atmj  Houz  is  laksn  oif  ths  air  by  A.  W.  Ssor  and 
E.  A.  Mailing.  G-E  cnginMn.  Wirs  spools,  contedning  66  minntos  oi  tbs 
program,  or*  flown  to  Algiors  and  ployod  back  to  Army  soldlors.  offiesri. 
and  war  corrospondonts 


the  war,  according  to  Colonel  E.  M.  several  hundred  miles,  and  for  Sicily, 
Kirby,  Chief  of  the  Radio  Branch  another  hour’s  plane  ride.  As  a  re- 
of  the  Army’s  Bureau  of  Public  Re-  suit  radio  has  encountered,  for  the 
lations.  first  timejn  its  .history,  a  limit  of 

“Radio  reporters  have  been  an-  time  and  distance.’’ 
chored  to  stationary  radio  transmit-  Th^  army  plans  to  loan  the  port- 
ters  in  a  war  of  movement,”  said  able  recorders  to  accredited  network 
Colonel  Kirby.  “If  they  go  to  the  correspondents  as  soon  as  there  are 
front  they  cannot  broadcast  until  enough  to  insure  even  distributioi 
they  return  to  the  transmitted.  In  among  all  the  networks.  On-the-scene 
the  southwest  Pacific  this  rS^ns  a  reports  from  the  war  fronts  can  thei 
distance  of  1,500  miles  both  wj^.  In  be  recorded  for  later  broadcast  to 
the  Tunisian  campaign,  it  meant  every  American  home. 


Expressly  designed  for 
the  multitude  of  com- 
plex  ond  tedious  solder¬ 
ing  requirements,  the  HEXACON  Hotchet 
Type  soldering  iron  hos  found  extensive 
use  because  of  its  extreme  ease  of  ma¬ 
nipulation. 

Perfect  balancing— permits  long  opera¬ 
tion  with  minimum  of  fatigue.  As  with  all 
HEXACON  units,  the  Hatchet  type  is  rug¬ 
gedly  constructed,  and  is  tested  for  twice 
the  intensity  required  by  the  Underwriters* 
Laboratories,  assuring  greater-than-over- 
age  service  life  with  economy  and  efficiency. 
Operates  on  AC  or  DC  of  any  cycle,  and 
is  available  in  voltage  ranges  from  32 
to  250  volts.  Equipped  with 
reploceoble  elements,  and  all  7 
other  features  of  HEXACON 
Plug  Tip  Irons.  r 

WRITE  POR  LITERATURE  vj 

Descriptive  bulletins,  describing  fu  *  -  > 

the  complete  line  of  HEXACON  ff  UMI 
electric  soldering  irons,  will  be  vt. 

sent  on  request. 


edge  of  science.  In  a  recent  class  a 
demonstration  of  magnetism  was 
prepared  for  the  students.  The 
teacher  covered  a  horseshoe  mapet 
with  a  sheet  of  paper  tind  then 
sprinkled  iron  filings  over  the  paper, 
With  a  gehtle  shake  the  filings  ar¬ 
ranged  themselves  into  a  pattern  that 
reproduced  the  shape  of  the  horse 
shoe  magnet. 

Next,  each  member  of  the  class  is 
turn  placed  his  sensitive  fingers  ot 
the  paper  and  traced  and  retraced 
the  path  of  the  pattern  formed  by 
the  filings,  while  the  teacher  ex¬ 
plained  the  principles  of  magnetism. 
After  he  finished  talking  the  room 
buzzed  with  questions  and  a  lively 


HEXACON  ELEGRIC  COMPANY 

130  W.  CLAY  AVE.,  ROSELLE  PARK.  N.  J. 


Portciblo  modol  of  wiro  recordoi.  to  be 
used  by  war  reporters  in  the  field,  is 
examined  by  Colonel  R.  Ernest  Dupuy, 
Chief  of  the  News  Dirision  of  the  U.  S. 
Army  Bureau  of  Public  Relations 
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Here’s  a  wire  that  gives  you  heat  and  flame  resistant  char¬ 
acteristics,  in  addition  to  unusually  high  dielectric  strength 
—  Rockbestes  Firewall  Radio  Hookup  Wire  —  designed  in 
1937  to  satisfy  the  requirements  of  aircraft  radio  manu¬ 
facturers  for  a  small  diameter,  light  weight,  stable,  flame 
and  moisture-resistant  construction,  and  used  since  in  a 
wide  variety  of  radio  equipment  and  electronic  apparatus. 
It  is  resistant  to  heat,  cold,  flame,  oil,  grease,  gasoline, 
moisture,  alkalies  and  corrosive  fumes. 

It  is  made  in  two  constructions — 1000  volt  rated,  in  sizes 
No.  22  to  4  A WG  and  3000  volt  in  No.  12,  14  and  16  AWG. 
It  has  a  wide  operating  temperature  range  — won't  dry  out 
in  insulation-baking  heat  up  ta  125°  C.,  or  become  brittle 
in  sub-zero  cold  as  low  as  minus  50°  C. 

The  1000  volt  wire  has  been  subjected  to  life  voltage  teste 
at  rated  voltage  and  125°  C.  rated  temperature  for  2500 
hours  without  failure— and  at  rated  voltage  and  room 
temperature  for  8000  hours. 

The  3000  volt  wire  has  been  subjected  to  test  at  5000  volts 
and  125°  C.  for  periods  in  excess  of  700  hours  without 
failure  —  and  at  the  same  voltage  at  room  temperature  for 
periods  in  excess  of  1200  hours. 

These  are  a  few  of  the  characteristics  that  have  brought 
this  type  of  wire  into  wide  use  in  a  variety  af  applications 
—  characteristics  that  are  basic  in  many  constructions  in 
the  Rockbestos  line  of  122  permanently  insulated  wires, 
cables  and  cords.  One  of  them  may  be  what  you  are 
looking  for,  but  if  not,  Rockbestos  Research  will  da  its  best 
to  develop  a  wire  for  you. Write  or  phone  nearest  branch  or: 

Rockbestos  Products  Corp.,  404  Nicoll  Street,  New  Haven  4,  Conn. 
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ROCKBESTOS  RESEARCH 

Solves  Difficult  Wiring  Problems 
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INVEST  IN  WAR  BONDS 


MAKE  EVERY  PAYDAY  A  LAY-AWAY  DAY 
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M  fiMAN 


BUYS  100,000 


RELAYS 


ONLY  24 
REJECTS! 


Kurman's  Famous  23  Yr.  Record 
Scores  New  High — 99.00076%  O.  K. 


Ye«,  maybe  there  are  other  relay  manufacturers  who 
could  turn  out  a  big  order  like  this  as  swiftly  as 
we  did.  But,  only  Kurman  with  its  23  years  of  ex¬ 
perience,  its  unsurpassed  facilities,  its  knowing  what 
to  do  and  how  to  do  it  could  (we  believe)  do  the 
job  and  have  only  24  rejects.  Here  again  is  striking 
proof  that  confidence  in  Kurman  when  it  comes  to 
relays  is  valuable  insurance  when  it  comes  to  your 
product’s  performance.  No  matter  how  exacting  your 
requirements  may  be  for  power  and  sensitivity,  your 
best  bet  is  “Consult  Kurman.” 


KURmfln 


ELECTRIC 

CO. 


PROUDLY  IN  THE 

r _ /ir  ^  ' 


As  in  the  First  World  War,  BRACH 


radio  and  electrical  equipment  is 


once  again  proving  its  excellence 


and  dependability  under  the  most 


exacting  conditions. ..the  products  of 


36  years'  experience  in  "QUANTITY 


plus-QUALITY"  manufacture. 


I  .s.  iiitu'ii  iiFi;.  COUP. 


World's  Oldest  and  Largest  Manufacturers  of  Radio  Aerial  Systems 

55-65  DICKERSON  STREET  •  NEWARK,  N.  J. 


At  tha  Wastam  PannsylTonia  Schcol  for 
tha  Blind,  scianca  taachar  Jamas  Schrodw 
quidas  tha  hand  of  Virginia  Wolosyn  whilt 
Robart  Farrall  waits  his  hum.  Har  iinqtn 
will  traca  tha  pottam  formad  by  iron 
filings  ovar  a  horsashoa  magnat.  A  scisnct 
taxtbook.  printad  in  Broilla  by  Westinq 
housa.  is  ovoilabla  for  har  usa 


and  lengthy  quiz  of  the  teacher  en¬ 
sued. 

To  help  blind  students  explore  tht 
world  of  science  a  Braille  edition  of 
a  booklet  written  by  Westinghoust 
research  experts  is  being  distributed 
to  schools  for  the  blind  by  the  School 
Service  Department  of  the  company. 
The  booklet  is  one  of  the  Little  Sci¬ 
ence  series,  designed  for  students  of 
high  school  age. 

About  600,000  copies  of  the  first 
four  booklets  have  been  printed  in 
ink  and  supplied  to  schools  through¬ 
out  the  nation.  Charles  MacLean, 
manager  of  the  School  Service,  sug 
gested  making  the  series  available  in 

Ptrnillo  fn  blind  stiirlpnf.A  fn  fiirthpr 


mainder  of  the  senes  in  Braille. 


Uncooked  Spaghetti  Helps 
Make  Vacuum  Tubes 


Tube  filaments  are  being  aligned 
for  welding  by  a  piece  of  spaghetti 
(the  edible  kind),  which  is  later 
burned  off.  The  new  technique,  de¬ 
veloped  by  William  A.  Hayes,  elec¬ 
tronics  engineer  in  the  Westinghouse 
Lamp  Division,  produces  50  percent 
more  filaments  than  the  old  method 
and  permits  assembly  workers  to 
spend  more  time  on  other  production 
jobs.  A  WPB  Award  of  Individual 
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Pre-operational  checking  of  transmitters  helps 
make  sure  that  messages  will  be  received.  Brown¬ 


ing  Frequency  Meters  (types  SI  and  S2)  have  for 


some  years  provided  simple,  comparatively  in¬ 
expensive  means  for  such  checking.  Type  S2  is 
accurate  to  within  .005%.  They  are  easy  to  operate. 


They  stand  up  under  hard  use.  Full  details  are 


given  in  literature  available  upon  request 


The  balanced-capacitance  Browning  Signal  System  for  plant 
protection  without  guard  patrols  is  another  product  of 
Browning  Laboratories  research.  A  descriptive  folder  will 
be  mailed  when  requested. 


LABORATORIES,  IRCORPORATED 
WIHCHESTER,  MASSACHUSETTS 
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SCREW  MACHINE  PRODUCTS  CO..  INC 


V^HEN  and  you  want  it 


Clotaup  of  a  pioco  of  uncookod  spoghttv 
of  work  koopinq  tho  fUomont  turns  propsrlf 
alignod.  Current  is  sent  through  the  fUa 
ment  to  bum  away  the  spaghetti  ofiet 
welding  is  completed 


Complete  graduation  of  light — ^from  bright  thru  intermedi¬ 
ate  glows  to  total  dork  within  90°  rotation  of  the  shutter 
is  a  feature  of  this  Gothard  Series  430  Shutter  Type  Pilot 
Light.  Particularly  applicable  for  aircraft,  marine,  signal 
and  similar  opphcotions  that  require  various  intensities  of 
light  imder  constantly  changing  conditions.  Sturdy  con¬ 
struction — rigid  non-short  terminals — faceted  or  plain 
jewels.  Also  available  with  polarized  lens.  Colors:  red, 
green,  amber,  blue  or  opal. 

Ask  tor  eomploto 

^  Mormatloo  and  prices 


Production  Merit  has  been  recom¬ 
mended  for  the  inventor. 

Filaments  for  many  tubes  m 
made  in  the  form  of  a  small  wire 
spring.  Formerly  a  split  steel  rod 
was  inserted  in  the  filament  coil  for 
support  as  well  as  to  keep  the  turns 
in  accurate  alignment  while  the  coil 
was  being  welded  to  the  rest  of  the 
Since  the  coil 


MANUFACTURING  COMPANY 

1310  North  Nioth  Stroot,  Sprio^fiold,  llliuois 


mounting  assembly, 
tends  to  tighten  around  the  steel  in 
sert  after  welding,  the  removal  often 
requires  realignment  of  the  turns. 

A  small  piece  of  spaghetti  replaces- 
the  steel  rod  in  the  new  method 
After  the  filament  is  welded,  current 
is  passed  through  it  to  remove  im¬ 
purities  in  the  metal.  The  heated 
filament  burns  up  the  spaghetti  and 
eliminates  the  removal  problem.  The 


♦After  Victory 

methods  we  are  learning  today,  pre¬ 
cision  in  these  post-war  prinlucts  will 
be  made  economically  available  to 
everyone.  And  to  manufacturers  this 
will  mean,  better  products,  a  better 
market,  and  better  public  goodwill. 


HELICOPTERS-ffie  ^flivver” 
plfuies  of  post-mar  tomorrow 
— are  just  one  of  the  many  ''miracles” 
becoming  realities  through  industry's 
great  war  production  drive. 

For  the  greater  our  efforts  to  pro¬ 
vide  the  boys  on  the  fighting  front 
with  new  and  better  tools  of  Victory — 
the  more  we  uncover  new  techniques 
and  skills,  new  materials,  new  products. 
Through  the  mass  production 


(Rctou-)  Some  of  our  prremon- 
made  parts  that  are  helping 
bring  Victory  closer,  and  which 
will  help  mould  our  world  of 
tomorrow. 


William  Hayes  examines  the  spaghstti' 
supported  filament  he  developed.  Tbi 
spaghetti  is  made  to  exact  ^e  by  o 
special  die 
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Nevf;r  before  in  the  histciry  of  warfare  has 
preeision  pnHliietion  Ihh'h  ini(M>rtant  atft  it  is 
t<Kia> .  From  the  trigger  group  of  an  M-1  rifle  to 
the  fire  eontn>l  of  a  l()-ineh  battery,  tsplil-liair 
toleranees  art*  tleinamleti  in  millions  of  intrirate 
munitions  |>arts.  Hrmliieing  to  uneom promising 
stamlards  requires  the  finest  ty|K‘  of  maehine 
t<M»ls  ever  designed — operated  at  a  eonstant  level 
of  eleetrie  power. 

But  ('(mstant  lytluifit’  is  almost  non-existent  on 
hMlat's  overerowded  jK)wer  lines.  Viartime  eon- 
siimers  are  busier.  Huge  volumes  of  eleetrieal 
energy  are  In'ing  intermittently  used  anti  released. 
Heavv  sags  and  tiestructive  surges  int'vitably 
occur.  For  that  reason,  manufaeturers  in  every 


field  are  stabilizing  |M)wer  themselves  with  St>L.\ 
CoNSTA>T  Voltage  I'r \nsformers. 

Sola  "CVs”  equalize  voltage  sags  ami  surges, 
absorb  variations  as  great  as  'M)%.  feetl  a  eon- 
trolled  flow  of  power  to  maehines.  And  they 
protect  the  m  v  life  of  sensitive  instruments  and 
electronic  tidies. 

E/igi’neeret/  for  long,  tniuhle-free  service.  Sola 
"CVs”  are  instantaneous  in  action,  without 
moving  parts,  self-protecting  against  short  cir¬ 
cuit.  'I'hey  have  a  place  on  vour  production  lines 
— the  life  lines  of  American  victor\ . 

Not*  to  Industrial  Executives t  S4tla  "CF'*  tmnit- 
formers  are  amilable  in  stamlard  liH  .1  to  I5KI  A  units. 
Special  units  to  specification.  Ask  for  bulletin  DCV-Ji 


1to^«feriiMrs  tori  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Fluorescent  Lighting  •  X-Ray  Equipment  •  Luminous  Tube  Sigas 
Oil  ^ynter  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  Door  Bells  ond  Chimes  •  etc.  SOLA  ILICTSIC  CO.r  2525  Clyboern  Avo.r  CbleeeOr  H, 
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Constant  Voltage  guides  theTools  of  War 


FREE 


RADIO— ELECTRONIC 
EQUIPMENT  CATALOG 

With  Our  Compliments! 


AN  INVALUABLE  AID  TO 

•  PURCHASING  AGENTS 

•  EXPEDITERS 

•  ENGINEERS 

fime — avoid  wm$te  motion  and  ollart  taarehina  lor  thoM 
urMntly  rodairod  radio-oloetronk  matoriali.  Try  SUN  SERV¬ 
ICE — a  winnini  combination.  A  vast  ttocb  Mai  a  trained, 
intallitont  laloi  and  axaoditini  staff— backed  by  oar  21  yoart 
oxBorionee  in  the  Held— can  help  yoa  Immeatarably  in  your 
priority  roauiramonti. 

WE  DELIVER  the  GOODS 
^ON  TIME! 

Nffw  fork's  Oldmst  aad  ktost  Compfoto  Radio— Clmctroaie  Supply  Hoase 


This  book,  containing  count- 
loss  thousands  of  standard 
radio  —  olactronic  items,  is 
yours  simply  for  the  asking  if 
you  are  activolv  angagad  in 
tho  war  effort  doing  ourchas- 
ing,  specifying,  expediting  or 
engineering.  Write  to  us  to¬ 
day  on  your  company  letter- 
hnad  stating  title.  Address 
i>ept.  ElO. 


Tolopboao 


212  FULTON  STREET 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 


SQUARE,  OBLONG  AND  ROUND 


CLOSEST  TOLERANCES 


EXCELLENT  FINISH 


MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 


PROMPT  DELIVERIES 

Send  for  full  information 


whole  operation  is  now  done  in  al.)ut 
one  quarter  the  time  previously  re¬ 
quired. 

In  the  initial  experiments  with  .he 
spaghetti,  small  pieces  were  placed 
on  a  lathe  and  machined  to  the  c  or¬ 
rect  diameter.  Now  the  comp;.ny 
that  makes  it  turns  out  precision 
spaghetti  with  a  die.  Although  ihe 
idea  has  only  been  applied  to  one  ize 
of  filament,  its  use  is  planned  for 
other  sizes  as  soon  as  possible. 


Free  War  Training  Course^ 


Tuition-free  courses  are  offered  in 
the  fields  of  radio  engineering,  elec¬ 
tronic  engineering,  power  systems, 
telephony,  illumination  engineering 
and  mathematics  at  Illinois  Institute 
of  Technology  in  Chicago.  To  accom¬ 
modate  war  plant  workers  on  night 
shifts,  some  of  the  free  classe.s  are 
offered  during  the  daytime.  Al¬ 
though  the  program  is  primarily  one 
of  evening  courses,  elementary  radio 
classes  are  conducted  in  the  morning 
and  afternoon. 

A  refresher  course  for  graduate 
electrical  engineers  is  given  on  Sat¬ 
urday  mornings  and  one  night  weekly 
and  is  designed  to  cover  modern  ap¬ 
plications  of  electronics  and  recent 
developments  in  power  systems  en¬ 
gineering.  The  only  prerequisite  for 
enrollment  in  the  other  courses  is  a 
high  school  education  or  the  equiva¬ 
lent  in  industrial  experience.  A  total 
of  3,453  men  and  women  have  al¬ 
ready  completed  radio  training 
courses  at  Illinois  Tech. 

New  York  University  has  an  e.v 
tensive  program  of  69  free  evening 
courses  for  men  and  women  and  in¬ 
cludes  several  new  courses  designed 
to  meet  the  need  for  expansion  in 
the  air  transportation  field.  Addi¬ 
tional  courses  offered  in  the  program 
are  special  courses  in  radio,  elec¬ 
tronics,  VHF  techniques,  and  air¬ 
craft  electricity  and  communications. 

Although  all  courses  are  open  to 
women  who  meet  the  requirements 
for  admission,  the  program  includes 
several  that  are  essentially  basic  in 
nature  and  designed  primarily  for 
women.  Pre-engineering  mathe¬ 
matics,  technical  drawing,  produc¬ 
tion  gaging  and  inspection,  and  a  full 
time  eight-week  program  in  funda¬ 
mentals  of  engineering  are  among 
the  subjects. 

More  than  10,000  persons,  includ¬ 
ing  about  1,000  women,  have  been 
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Photronic  Cells  now  being  made  for  war  purposes  only,  hold  many 
new  pKJSsibilities  for  design  engineers  searching  for  better  methods  or 
new  products  for  jwst-war  markets. 

The  improved  Type  3  photo-cell  has  a  marked  increase  in  sensitivity 
and  can  be  produced  in  various  outputs  ^d  various  linearity  factors. 


fo/t  /<wuyi/tou^4 


to  meet  specific  circuit  requirements.  They  can  be  matched  in  spectral 


sensitivity,  too;  to  give  practically  the  same  spectral  response  curve 


i  YKAKS  i.KAUEEtS  i\  KLK0  A I.  MKASi  ttiAA,;  tXSmt  MEA  TS 


throughout  the  color  spectrum.  And  since  the  fatigue  factor  has  been 
materially  reduced,  their  resp>onse  is  more  uniform,  and  far  more  rapid. 

The  development  of  the  Type  3  is  the  result  of  continued  research 
and  experience  in  the  processing  of  photo-cells  dating  back  to  1930  . .  . 
the  year  in  which  Weston  introduced  the  first  American-made  com¬ 
mercial  cell  of  the  barrier-layer  type. 

Type  3  Photronic  Cells  can  be  supplied  in  various  styles  and  cases, 
as  well  as  unmounted  in  a  variety  of  shapes  and  sizes.  Complete 
technical  data,  in  booklet  form,  available  to  design  engineers  on  request. 
Weston  Electrical  Instrument  Corporation,  618  Frelinghuysen  Avenue, 
Newark,  New  Jersey.  ‘photronic-^ a  registered 

trademark  desigrtating  the 
photoelectric  cells  and  photo¬ 
electric  devices  manufactured 
exclusively  by  the  Weston 
Electrical  Instrument  Corp. 


laboratory  Slondordt . .  .  Procisien  DC  md 
AC  Portablot  .  .  .  Initrwmont  Troniformors 
•  .  .  ientitivo  Roloys  .  .  .  DC,  AC,  cmd 
Thormo  Switchboard  cmd  Portol  Instrumontt. 


Spocializod  Tost  Equipment ...  Light 
Moasuromont  and  Control  Dovicos  .  .  . 
Exposure  Meters... Aircraft  Instruments... 
Electric  Tachometers.. .Dial  Thermometers. 


than  rabbits 

Spurred  by  war  demands, 
ideas  are  breeding  faster 
than  rabbits.  We've  done  a 
lot  of  development,  too.  Ad¬ 
vancements  in  theory  and  in 
the  design  of  auxiliary  prod¬ 
ucts  have  paved  the  way  for 
better  ABBOTT  ultra-high- 
frequency  transmitting  and 
receiving  sets.  Right  now, 
however,  we  are  concentrat¬ 
ing  on  the  job  theft  needs  our 
immediate  attention  .  .  .  the 
war  job! 


Doing  a  good  job.  wherever 
it  is  now  being  used,  is  the 
ABBOTT  Model  TR-4  ...  a 
standard,  compact  and  effi¬ 
cient  ultra  -  high  -  frequency 
transmitter  and  receiver. 


Give  a  pint  of  your 
^  blood  today. 

^  Save  a  soldier's  life 
tomorrow. 


WBmfwfm 

INSTRUMCNT.INC 


8  West  1 8tl\  St.,  New  York  3.  N.  Y. 


enrolled  in  the  various  courses  since 
the  inception  of  the  program  in  1940. 
Requirements  for  admission  vary, 

!  but  academic  high  school  graduation 
is  required  in  all  courses.  In  addi¬ 
tion  the  applicant  must  be  employ¬ 
able  at  the  kind  of  work  toward 
which  the  training  is  directed. 

Since  many  other  colleges,  univer¬ 
sities  and  high  schools  throughout 
the  country  are  offering  courses  simi¬ 
lar  to  these  and  also  financed  by  the 
United  States  Office  of  Education 
through  the  ESMWT  program,  it  is 
suggested  that  local  schools  be  con¬ 
tacted  by  individuals  interested  in 
technical  courses  of  any  kind,  rang¬ 
ing  from  elementary  theory  to  the 
study  of  Maxwell’s  equations  for 
VHF  design. 


Electronic  Desk  Tests 
Cathode-ray  Tubes 

Electronic  testing  desks  are  being 
used  in  the  Du  Mont  Laboratories 
for  routine  production  checkup  of 
cathode-ray  tubes  by  girls.  Although 
the  present  production  of  such  tubes 
runs  into  thousands,  each  tube  must 
still  be  individually  tested  since  spot 
tests  or  percentage  tests  mean  little 
j  or  nothing  when  dealing  with  such 
critical  devices. 


Get  the  Original 
DRAKE  ^ 

Patented  Features 


TYPE  No.  50.  PAT.  No.  2220516 

DRAKE  Patented  Features  are  the  natural  devehpnMi 
of  many  years'  experience  making  better  Pilot 
Assemblies,  exclusively.  Constant  striving  for  impren. 
ment,  greater  efficiency,  more  dependability,  has 
suited  in  producing  a  degsee  of  quality  in  our  products, 
unapproached,  we  believe,  by  any  other  Dial  ar  Jeud 
Assembly  in  the  world!  SPECIFY  DRAKE.  Quiet 
delivery  in  any  quantities  assured. 

HAVE  YOU  THE  DRAKE  CATALOG? 


Production  testing  of  cathode-rerr  tubes  at 
a  special  desk  that  contains  the  necessary 
power  supplies,  controls  and  meters 

Several  of  the  test  desks  are  in- 
I  stalled  in  the  Du  Mont  plant  to  pro¬ 
vide  mass  testing.  Each  is  composed 
of  a  steel  cabinet,  similar  to  a  flat 
top  desk,  and  contains  an  inclined 
platform  to  support  the  cathode-ray 
tubes  under  test.  A  group  of  meters 
is  mounted  beneath  the  front  of  the 
platform  for  the  necessary  readings. 


Dialandjeivel 

PILOT  LIGHT 
ASSEMBLIES 


DRAKE  MANUFACTURING  CO. 

1713  W.  HUBBARD  ST.  •  CHICAGO,  U.S.A. 


D-H  Nickel  and  Nickel  alloys  hors 
the  following  advantages: 

Ease  of  welding  end  forming 
High  .emhsivify 
Non-corroding 

High  strength  at  elevated 
temperatures 

D-H  technical  control  due  to  close  ac¬ 
quaintance  with  application  assures 
you  of  an  excellent  material. 

DRIYBI.HAIIRIS  Qomfomf 
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vriTH  AM  PE  RITE 

V'  :',TA.  ■.}:  VARIES 
ONLY  A 


VOI.TA  .iE  ■  r  2^ 
BATTERY  f,  "'HAROER 
VARIES  APPROX 


Phototubes— rectifiers 
Electronic  and  Special 
Tubes  are  built  to  deliver 
long-life,  dependable  service 


CONTINENTAL  ELECTRIC  COMPANY 

CMICAOO  omci  GENEVA,  ILL.  .c  o>k. 


The  big  word 
in  tube 
satisfaction 


CURRENT ‘^VOLTAGE 


FLUCTUATION 

REDUCED 


AMPlRin 

REGULATORS 


1.  Ai&]peTites  cut  battery  voltage  iluctuO' 
tioQ  irom  approximately  50%  to  2%. 

2.  HdEmetically  sealed  —  not  affected  by 
altitude,  ambient  temperature,  humidity. 

3.  Compact,  light,  and  inexpetudve. 

Used  by  U.S.  Army,  Navy,  and  Air  Corps. 


DELAY  RELAYS:  For  delays  from  I  to  100  seconds. 

Hetmeiicaliy  ssaJed.  UoMected  by  abitade. . . .  Send  for  catalogae  sheet. 


CKI^  IKinCDQ,  “I  page  foldpr  will  hplp  you  solve 

1 1 V  V^lf  e  CCf\  Current  and  VolfOqe  Problems:  contains 
much  valuable  data  in  practical  lorm  VV'rite  /or  your  copy  now. 

AMPERITE  CO.,  561  Broadway,  New  York  (12),  N.  Y. 

In  Canada.  Allas  Radio  Carp.,  Ltd.,  560  King  St.,  W.  Toronto 
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Precision  Units 
and  Controls 
for  Radio  and 
Communication 
Equipment 
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•  ^3  Plants  Over  Five 


*f  CROWE  NAME  PLATE  &  MFG.  CD. 


3701  RAVENSWOOD  AVE. 


CHICAGO,  13  ILLINOIS 


v' 

t 


•-  ■* 
.  ?  t 


EllXTRONICS  — Ottober  1943 


¥ 


tection.  Perhaps  his  most  widely 
known  and  used  invention  is  the 
quartz  piezoelectric  oscillator,  widely 
used  in  radio  transmitters.  He  also 
utilized  the  magnetostriction  effect 
in  nickel  and  nichrome  for  the  same 
purpose,  this  having  important  ap¬ 
plications  in  submarine  detection  and 
signaling. 

After  expressing  his  heartfelt 
gratitude  to  the  members  of  the  So¬ 
ciety,  Dr.  Pierce  addressed  the  gath¬ 
ering  on  the  subject  “Songs  of  In¬ 
sects.”  He  described  an  electronic 
mixer  that  he  has  developed  as  a 
summer  pastime,  by  which  the  inau¬ 
dible  high-frequency  sounds  pro¬ 
duced  by  insects  are  transposed  to  an 
audible  frequency  for  observation.  He 
concluded  his  remarks  with  an  inter¬ 
esting  reference  to  the  successful 
education  of  a  katydid,  accomplished 
by  playing  back  a  record  of  his  song, 
to  produce  five  pulses  of  sound  in¬ 
stead  of  the  usual  two. 


Consult 


Under*Helmet  Headset 

A  NEW  HEADSET,  adopted  by  the  Sig¬ 
nal  Corps,  can  be  worn  under  steel 
helmets  that  fit  far  down  over  the 
sides  of  the  head.  The  larger  head¬ 
sets  forced  communications  men  to 
go  into  battle  zones  bareheaded. 

Each  receiver  unit  has  a  soft  plug 
that  fits  into  the  outer  orifice  of  the 
ear  in  much  the  same  manner  that 
hearing  aids  are  used  by  civilians. 
Besides  permitting  the  use  of  the 
helmet  for  protection,  the  plug  forms 


•  Here  at  Rogan,  seasoned  en¬ 
gineers  are  ready  and  willing 
to  assist  you  in  determining 
your  post-war  Plastic  require¬ 
ments. 


JELLIFF  ALLOY  ''C 


edidtance 


....  so  tiny  it's  practically  in- 
visibU  to  the  naked  oyo  (.0008)! 
Yet,  consistent  uniformity  is  at¬ 
tained.  Every  wire  is  drawn  in 
our  own  plant;  every  spool  re¬ 
ceives  micrometric  inspection. 
Jelliff  Alloy  “C"  resistance  wire 
is  truly  dependable,  depend¬ 
ability  maintained  always  by 
the  care  and  constant  super- 
’^vision  pf  Jelliff-  engineers 
A'!i^th|bughout  every  operation. 


Whether  your  peacetime 
products  are  to  include  elec¬ 
tronic  equipment,  electrical  ap¬ 
pliances,  stoves  or  what  have 
you,  the  Rogan  Organization 
will  gladly  provide  cost- free 
advice  on  all  phases  of  plastic 
production. 


SPECIALISTS 


Send  us 

Your  Specifications  Today. 


BOGAN  BBOTHEBS 


Compression  Aloldcrs  and  Branders 
of  Plastics 

2003  So.  Michigan  Avenue 
(Chicago,  Illinois 


A  communications  man  dons  one  of  the 
new  headsets  that  contains  inserts  fitting 
into  the  ear  channels.  Strain  on  the  cord 
is  relieved  by  a  clip  on  the  soldier's  shirt 


SOUTHPORT. 


CONN 
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IRON  CORES  i 

Recent  SuckMle  developments  include  molded  Iron 
;  Cores  for  raaio  equipment  operating  at  frequencies  as 
high  as  175  megacycles.  Other  Stackpole  Iron  Cores  are 
iTsilable  in  a  variety  of  grades  and  sizes  for  frequencies 
up  to  50  megacycles.  Molded  from  metal  powders  to 
natch  your  specifications. 


i  POWDER  METALLURGY 

Stackpole's  specialization  in  molded  products  has 
resulted  in  important  progress  in  the  field  of  molding 
solids  from  powdered  iron,  iron>nickel,  and  other 
metal  powders.  Few  recent  developments  hold  such 
great  promise  to  so  many  industries  as  a  source  of 
easier<to-obtain,  accurate,  yet  less  costly  components. 
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i  BRUSHES 

From  the  latest,  most  dependable  high- 
altitude  brushes  to  standard  and  special 
types  for  all  rotating  electrical  equip¬ 
ment,  Stackpole  produces  a  complete  line 
for  original  equipment  manufacturers. 
Stackpole  engineers  are  in  constant  touch 
with  brush  problems  and  will  gladly  make 
recommendations  based  on  this  broad, 
highly-specialized  experience. 


CONTACTS  ^ 


MOLDED  CARBOMS,  ORAPHITES, 
METALS  and  COMPOSITIONS 


Stackpole  offers  suitable  contacts  for 
almost  every  application  —  from  the 
various  silver  compositions  to  dozens 
of  special  alloys.  Equally  important 
is  the  Stackpole  engineering  service 
that  not  only  helps  you  select  the 
right  contacts,  but,  if  necessary, 
adapt  your  equipment  to  utilize  them 
most  efficiently. 


iMringt  •  An*d«t  • 
UcctrcaM  • 

■•(•try  Carb«ni  • 
ftdiiiig,  Piilan,  and 
Seal  Rings  • 

E  lining,  ate.,  ale. 

-  ■  4SU  Companaatt 
find  and  Variabla 
Raiitlort  a 
Iran  Carat  a 
Una  Swilebat,  ale. 


Here,  at  Doolittle,  we  are  coordinating 
every  effort  and  skill  to  help  provide  the 
communications  equipment  so  essential  for 
Victory.  This  will  mean  better  peace-time 
ommunications  after  our  battles  are  won. 


To  Asturo  Victory 
BuyMofoU.S.Wor 
Bofids  and  Stomp* 


RADIO,  INC. 


Builders  of  Precision  Radio  Communications  Equipment 
7421  S.  loomis  tlvd.,  Chicofo,  U.  S.  A. 


WMEIE  PRECISIOI  INSTRVMEITS  MIST  .  ii:: 
ROIfiR  IT"  rOI  CAR  lEPERD  IPOR  ^ 


PERMQPIVOTS*  are  tipped  with  PERMOMETAL* ...  a  special  alloy  of  precious  metals 
dereloped  in  Permo's  own  metallurgical  laboratories.  Permopirots  are  remarkably 
wear  resistant.  They  keep  precision  instruments  accurate  longer.  Permopivots  can¬ 
not  rust  or  corrode.  Thf  satinemooth  Permo  metal  tip  eliminates  abrading  particles  of 
wear.  The  extremely  low  coefficient  of  friction  with  Permopivots  often  makes  it  pos¬ 
sible  to  eliminate  the  use  of  oiL  ttn..  moa  s.*. 


PERMO  PRODUCTS  CORPORATION 


WRITE  FOR  FULL  INFORMATION 
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Protection  from  hood  wounds  is 
I  by  GI  holmots  worn  oTor  now  type 
I  sets  made  by  Western  Electric 


a  seal  that  helps  keep  out  ba 
noises.  Since  the  sound  is  admitti 
directly  to  the  ear  channel,  hi 
sensitivity  and  fidelity  of  tone 
provided. 

The  ear  inserts  are  made  of  n 
prene  and  are  said  to  be  better  t 
rubber.  New  plugs  are  issued 
each  wearer  for  sanitation. 

A  clothes  clip  on  the  cord  is 
tached  to  the  operator’s  shirt  to  k 
strain  on  the  cord  from  being 
ducted  to  the  receiver  terminals, 
cord  also  contains  a  transformer 
matches  any  high-impedance  out;! 
circuit. 


New  Calls  for  FM  Stations 

A  NEW  SYSTEM,  using  call  letters! 
stead  of  the  present  letter  and  n 
meral  arrangement,  has  been  adopti 
by  the  FCC  for  FM  broadcast  st 
tions.  About  4,000  four-letter  d 
are  available  for  assignment  andi 
censees  of  FM  stations  may  reque 
the  combination  of  letters  they  i 
sire.  In  cases  where  a  licensee  a!i 
operates  a  standard  broadcast  statit 
in  the  same  city  he  has  the  choice: 
using  the  standard  station  call  w' 
the  suffix  “FM”,  or  a  new  four-letii 
call. 

The  Commission  calls  attention 
the  fact  that  all  three-letter  calls  s.1 
already  assigned.  The  number : 
four-letter  calls  appears  ample  i< 
all  additional  standard,  FM,  c« 
mercial  television,  and  nonbroadf* 

i  stations  for  some  time  to  come.  CJ 

1 
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Sp««d-vpt  The  Phillips 
Recess  centers  driving 
force,  keeps  the  driver 
point  in  place,  permits 
faster  and  uniformly 
tighter  driving. 


miLmsmwswmmiaAsmr 

Don't  just  worry  about  lagging  produc¬ 
tion  ...do  something  about  it!  Bobst  your 
output  by  providing  your  assembly  line 
with  Phillips  Screws  -  the  modern  speed- 
screw  with  the  scientifically  engineered 
Recessed  Head!  The  Phillips  driver  auto¬ 
matically  centers  in  the  screw  head,  util¬ 
izes  turning  power  rather  than  head-on 
pressure,  eliminates  the  troubles  that 
slow-up  driving . . .  wobbles,  skids,  burred 
screw  heads.  The  result  is  speedier  assem¬ 
bly  ...  as  much  as  50%  in  some  plants. 


The  skid-proof  feature  of  the  Phillips 
Recess  further  prevents  marred  parts  and 
driver-slashed  hands.  Freed  from  fear,  old 
timers  and  newcomers  alike  can  concen¬ 
trate  on  fast,  faultless  driving.  Power  and 
spiral  drivers  can  be  used  to  advantage. 
Switch  to  Phillips  Screws  and  see  how 
your  screw  driving  army  chalks  up  new 
assembly  records. 

Compare  the  cost  of  driving  Phillips 
versus  slotted  head  screws.  You’ll  find  that 
it  actually  costs  less  to  have  the  many  ad¬ 
vantages  of  the  Phillips  Recess! 


I1IIUIPS»^SCREWS 


KEY  TO  FASTENING  SPEEO 
AND  ECONOMY 

The  Phillips  Recessed  Head 
was  scientifically  engineered  to 
afford: 

Past  Starting  —  Driver  point  an- 
tomatkally  centers  in  the  recess 
...  fits  snugly.  Screw  and  driver 
“become  one  unit.”  Fumbling, 
wobbly  starts  are  eliminated. 
Pastar  Driving  -  Spiral  and  pow¬ 
er  driving  are  made  praaicaL 
Driver  won’t  slip  out  of  recess 
to  injure  worken  or  spoil  ma- 
teriaL  (Average  time  saving  is 
50%.) 

lasicr  Driving  —  Turning  power 
is  fully  utilized  by  automatic 
centering  of  driver  in  screw 
head.  Workers  maintain  speed 
without  tiring. 

■attar  Pastanlags  -  Screws  are 
set-up  uniformly  ti^tt,  without 
Imrring  cmt  breaking  heads.  A 
stroDger,  neater  iob  results. 


Aw«r<fM  S*r««  C*..  VmtlS*—*.  a.  I. 

TiM  arittoi  C*.,  Watwbwy.  Coin. 

Coitrai  Sow  C«..  CklWH.  Ml. 

ClMiiSI«r  arWwn  Cov..  ClmhwS.  OM« 
Cartt>wUi>  e*r«v  C«..  Maw  Mmh. 

Tft*  CarOtii  aaraw  Car*,.  Maw  Orltalw.  CaM. 
Tha  M.  M.  Narwar  Oa..  CktatiM,  ill. 


lataTMtiaaal  Sara*  Ca.,  Datrait.  Mlah. 

Tha  Lantaa  4  Saaalaaa  Ca..  ClaaataaS.  OMa 
Tha  MatiaMi  Oaraw  4  Hie.  Ca..  CWaalaMS.  Ohia 
Maw  EaataaS  Saraw  Ca..  Raaaa.  M.  H. 

Tha  CbaHaa  Vafhar  Ca..  MartSaa.  Caaa. 
Vaihar-Kalaa  Cara.  Maw  Varh.  N.  Y. 

Vawtaahat  Straw  Oa..  PawtaOMt.  M.  I. 


PhaaW  Marafattariaa  Ca.,  Chlaaea.  IN. 

RaaUae  Saraw  Ca..  NarrUtawa.  Pa. 

RataaH  tarSaaU  4  WarS  •att4  MW  Oa..  PartChaaMr.H.V. 
Saaaiti  MoMNatWrlaa  Ca..  WattrrtUa  Caaa. 

SbakaaraN  laa..  Chtaasa.  lit. 

Tha  SaatMastaa  NarOaara  Mlf.  Ca..  Saalhlaetta.  Caao. 
WhMaav  Saraw  Cara.,  Naahaa.  M.  H. 


End  this  slew-downi 

Slotted  heads  invite 
fumbling,  wobbly 
starts,  skiddingdrivers, 
marred  parts  and 
burred  screws  heads. 


Capture  EXTRA  PRODUCTION 
with  Your  Screw  Driving  Army 


SCREWS 


STOVE 


BOLTS 


SELF-TAPPING 


WOOD  SCREWS 


MACHINE  SCREWS 


MT.  CARMEL,  ILLINOIS 


beginning  with  the  letter  W  are  as¬ 
signed  to  stations  east  of  the  Mis¬ 
sissippi  River,  while  calls  beginning 
with  the  letter  K  are  assigned  to  sta¬ 
tions  west  of  the  Mississippi  and  in 
the  territories.  About  1100  “W”  calls 
and  2,900  “K”  calls  are  still  unas¬ 
signed. 

In  the  old  letter-numeral  system, 
the  first  letter  of  an  FM  call  indi¬ 
cated  the  geographical  position  of 
the  station  in  regard  to  the  Missis¬ 
sippi,  while  the  number  designated 
the  frequency  of  the  station.  The 
last  letters  were  used  to  show  the 
city  in  which  the  station. was  located. 

The  Commission’s  decision  to  dis¬ 
card  these  combination  calls  for  FM 
stations  came  about.,  because^jof  sev¬ 
eral  disadvantages  and  inherent  lim¬ 
itations  in  the  system  ^d  was  based 
upon  the  past  experience  of  FM 
broadcasters  and  the  advisability  of 
making  the  change  at  this  time  when 
transmitter  construction  is  halted 
by  the  war.  The  licensees  found  that 
the  letter-numeral  call  is  somewhat 
cumbersome  and  does  not  meet  with 
general  public  acceptance.  In  addi¬ 
tion  a  change  in  frequency  of  the 
station  involved  a  change  in  the  call 
with  consequent  confusion.  It  was 
also  felt  that  as  more  and  more  FM 
broadcast  stations  were  licensed  it 
would  be  increasingly  difficult  to 
identify  a  station  with  a  particular 
city  by  means  of  the  initial  letters  of 
the  city. 


Meissner  j 

''Alifftt-Aire'' 


Condensers  Meet 
Exacting  Performance 
Requirements! 


Antennas  Designed  Fo| 
Wartime  Communication! 

Premax  is  supplying  Tubular  Metal 
Antennas  in  many  different  desiftm 
_  and  ^  with  many  different  types  of 
Mountings.  They  are  doing  excellent 
service  in  the  Armed  Forces,  insur¬ 
ing  communications  under  most  tr>. 
ing  w,^iUons. 

'  Send.: for  sketches  of  Standard  De¬ 
signs  .  ;  ..or  deuils  of  special  designs 
if  requyteB. 


Division  Chlsholm-Ryder  Co.,  Ii 

4402  Highland  Ave.,  Niagara  Palls,  N. 


iTMeiaaner  **Align-Aire’'  (midget) 
units  are  now  encased  in  the  newly 
developed,  low  loss,  bakelite  (num¬ 
ber  16444)  and  occupy  extremely 
small  space  . . .  only  7/16"  in  diam- 


REFLEX 

SPEAKERS 

are  now  tht 

ACCEPTED 

STANDARD 

for  all 

WAR  USE 


'  Machining  Standards  for 
Glass-Bonded  Mica 

The  procedure  for  machining  glass- 
bonded  mica  radio  insulators  and 
I  recommended  practice  for  the  han- 
I  dling  and  design  of  such  insulators  is 
I  contained  in  the  recently  approved 
American  War  Standard  C75.6-1943. 

The  main  feature  of  the  standard 
I  is  that  it  provides  engineers  and 
j  draftsmen  with  specific  information 
1  about  the  machining  of  glass-bonded 
I  mica  items.  How  corners  should  be 
cut,  how  holes  should  be  tapped,  and 
what  thicknesses  are  available,  are 
some  of  the  questions  answered  by 
the  design  data  included.  Informa¬ 
tive  diagrams  such  as  that  shown  in 
the  illustration  indicate  the  proper 
i  manner  of  working  the  material. 

No  standard  shapes  or  type  desig¬ 
nations  are  set  up  in  the  standard. 


EVERY  REFLEX 
in 

UNIVERSITY  LINE 
it  fh*  r«$uH  of 

YEARS  of 
RESEARCH 


EVERY  REFLEX 


PRECISION-BUILT 
ELECTRONIC  PRODUCTS 


UNIVERSITY  LINE 
hat  M  vital  ptrt 
to  play  in 
WAR  PROGRAM 


Thara  art 

>V6>»  SO  SPEAXEI; 
in  tkt 

UNIVERSITY  LINE 


Submit  your  tpocUl 
problomt  diroct  to  our 
anginoaring  dapart- 
mant. 


ELECTRf*^^ 
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0.00002  to  10,000  VOLTS! 


BALLANTINE 

ELECTRONIC 

AC  VOLTMETER 

AND  ACCESSORIES 


MODEL  505 


ARTIFrClAL  EAR 


MODEL  220 
DECADE  AMPLIFIER 


MODEL  402 
MULTIPLIER 


MODEL  VP-5 
VIBRATION 
PICKUP 


This  enormous  range  of  voltages — five  hundred  mil¬ 
lion  to  one — is  accurately  covered  by  our  Model  300 
Electronic  Voltmeter  and  some  of  the  accessories 
shown  above.  Frequency  range  10  to  150,000  cycles. 
Accuracy  2%  over  most  of  the  range.  AC  operation. 
Five  decade  ranges  with  logarithmic  scale  make  read¬ 
ings  especially  easy.  Uniform  decibel  scale  also  pro¬ 
vided.  Over  a  thousand  of  these  instruments  are 
giving  excellent  service  in  Government,  commercial 
and  universitv  laboratories  and  factories. 


Send  for  Bulletin  8 


.LANTINE  UAROKATOKIES.  INC. 

HOONrON.  MW  JIRSKV.  l.S.A. 
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ERROR-PROOF  COPIES 


ACCURATE  AS  A  MIRROR 
PHOTO- COPIES 
MADE  FAST  BY 
ANYONE  — ANYTIME 


A'PE'CO  TMosmct 


A'^OO 

i*iASIP-> 

COONfKS 


a  Photo-exact  copies  for 
your  office,shop,  branch 
or  distant  plant  are 
made  fast  and  at  low 
cost  with  A -PE -CO. 
One  copy  or  a  hundred 
in  jig  time  —  and 
A-PE-CO  caa't  make 
mistakes.  Copies  direct¬ 
ly  from  blueprints. 

Nos-Fadiag 

Photo-Copies  of 
•  letters*  docuMsets 
•  records  •  blueprints 
•  pictures  •  drasrings 

Errorless  “same-size”  facsimiles  of  anything  up  to 
Eliminates^  sten^copying,  tracing,  proof- 


HoucetTi*. 

tttOOTMCM 


18''x22''.  Eliminates  steno-copying,  tracing,  proof- 
reading.  Photo -copies  direct  from  letters,  blue¬ 
prints,  graphs,  tracings,  telegrams,  receipts,  shop  orders  —  any¬ 
thing  written,  printed!  drawn,  photographed.  Accepted  as  legal 
evidence.  Endless  uses  for  A-PE-CO.  Big  savings  in  all  departments. 
Thousands  in  use  by  industry.  Government  and  engineers. 

No  Camera  —  No  Film  —  Easy  to-  Use 

Any  employee  quickly  becomes  expert.  Use  A-PE-CO  on  any 
desk  or  table.  It’s  simple;  fast.  No  moving  parts.  Saves  other 
equipment.  Conserves  man-hours.  Low  cost  per  copy.  Low  in¬ 
vestment  in  equipment  quickly  repaid  in  time  saved.  Get  all  the 
facts.  See  how  you  can  save.  Immediate  delivery.  Representa¬ 
tives,  in  principal  cities  and  Canada.  Write  tor  A-PE-CO  folder. 

AMERICAN  PHOTOCOPY  EQUIPMENT  CO. 

SS4S  N.  Clarii  St.  Oopt.  AO-10  CMcag*  14,  IMnote 


Exconples  of  the  diagrams  used  in  the  new 
American  War  Standard  lor  machiahig 
glass-bonded  mica 


^ITH  WAR  BONDS 


It  differs  in  this  respect  from  other! 
American  War  Standards.  T 

It  is  expected  that  the  standHrl 
will  be  used  by  radio  equipmesf^ 
manufacturers  and  the  Armed  Forces' 
in  designing  new  equipment  and  re¬ 
placement  parts  to  comply  with  the 
specifications 


greater  inter¬ 
changeability. 

The  new  standard  was  prepared 
through  the  coordinated  efforts  of 
the  representatives  of  industry  and 
the  Armed  Forces  at  the  request  of 
the  War  Production  Board.  Copies 
of  the  new  War  Standard,  Glass- 
Radio  Insulators 


Bonded 

(C75.6-1943),  may  be  obtained  from 
the  American  Standards  Association, 
29  West  39th  St.,  New  York,  at  25 
cents  each. 


In  the  middle  of  battle  .  . .  through  the  boom  of 
guns  and  the  roar  of  planes  .  .  .  when  every  man 
and  piece  of  equipment  are  extended  to  the  ut¬ 
most  .  .  .  radio  provides  the  vital  means  of  com¬ 
munication  for  our  fighting  forces.  Under  these 
grueling  conditions,  Sentinel-built  equipment  is  prov¬ 
ing  its  dependability. 

in  the  post-war  battle  for  sales  and  profits,  this 
war-tested  dependability  and  performance  . . .  plus 
up-to-the-minute  design  .  .  .  will  be  powerful  mer¬ 
chandising  weapons  for  Sentinel  dealers. 

SINTINEL  RADIO  CORPORATION 
3030  Ride*  Av*n««,  Iventton,  IN. 


Suggested  Wire  Standards 

Although  the  mechanical  indus¬ 
try  has  been  hampered  by  the  use  of 
several  series  of  gage  numbers  to 
designate  the  thickness  of  metal 
the  electrical  industry  has 


sheets, 

been  relatively  free  of  this  complica¬ 
tion  because  of  the  widespread  use 
of  the  American  Wire  Gauge. 

The  American  Standards  Associa¬ 
tion  has  set  up  a  standard  for  pre- 


Quality 

Sinco  1920 
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C 1  nONICS  —  October  1943 


In  designing  radios  for  combat  service,  every  ounce  counts. 
Weight  reduction  is  not  only  an  engineering  problem — it  be¬ 
comes  a  matter  of  fighting  efficiency.  Westinghouse  engineers 
have  co-operated  with  many  designers  to  work  out  a  variety  of 
solutions,  of  which  the  accompanying  illustrations  are  typical 
examples. 

Perhaps  these  are  directly  applicable  to  your  problem;  or  it 
may  be  that  yours  is  completely  different.  In  either  case,  trained 
and  experienced  Westinghouse  representatives  are  ready  to  help 
you;  call  them  today.  Westinghouse  Electric  &  Manufacturing 
Company,  Dept.  7-N,  East  Pittsburgh,  Pennsylvania.  j-94565 

rigtered  Trade>iiiark  WrfttingbfHiiie  ICI«c.  &  Mfg.  Co. 


\^^stin0house 

PIANTS  IN  25  CITIES. ..OFFICES  EVERYWHERE 
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Hipersii*,  the  new  Westio«boase 
meKoetic  steel  for  uansformer  rores, 
increases  flux-carryins  capacity  H  and 
reduces  weight  30  to  90%. 


For  aircraft  and  airborne  radio,  blow¬ 
er  and  motor  combined  for  maximum 
air  circulation  in  a  weight-saxing  mag¬ 
nesium  housing. 


Inerteen  capacitors  deliver  more 
microfarads  per  ounce. 


INSULATION 


Tudernell,  Glasweve  and  mica  insu¬ 
lating  materials  permit  high  operating 
temperatures  and  consequent  savings 
in  weight. 


Unfailing  accuracy  is  one  of  the 
many  features  of  the  new  General 
Electric  line  of  electronic  measur¬ 
ing  INSTRUMENTS.  Designed  in  the 
famous  G-E  electronics  laboratories, 
this  line  offers  a  wide  choice  of  com¬ 
pact  apparatus  for  service,  mainte¬ 
nance  and  research. 

G-E  unimeters,  capacitometers, 
audio  oscillators,  wide  band  oscil¬ 
loscopes,  square  wave  generators, 
signal  generators,  power  supply  units 
— all  give  you  dependable  service  in 
measuring  electronic  circuits  and 
component  parts. 

These  sturdy,  shock-resistant 
units  are  now  in  production  primar¬ 
ily  for  the  Armed  Forces.  But  they 
may  be  purchased  on  a  priority  if 
you  are  engaged  in  war  work.  After 
the  war,  of  course,  the  full  line  will 
again  be  available  to  everybody. . .  . 
Electronics  Department,  Gen¬ 
eral  Electric,  Schenectady,  N.  Y. 

•  We  invite  your  inquiry  for  G-E  elec¬ 
tronic  measuring  equipment  made 
to  meet  your  specific  requirements 


ELECTRONICS 
0ER4RTMENT 
GENERAL  ELECTRIC  CO. 
ScbsMCtody,  N.  Y. 

Please  send,  without  obligation  to 
me,  the  General  Electric  Measur¬ 
ing  Instrument  Catalog,  E-1  (loose- 
leaf),  for  my  information  and  flies. 


Kame, 


Company. 


Address. 


GENERAL  ^  ELECTRIC 

177-ia 

ilectrenlc  Measuring  Instrumenfn 


ferrea  thicknesses  of  Hat  metals, 
sponsored  by  the  American  Society 
of  Mechanical  Engineers  and  the  So¬ 
ciety  of  Automotive  Engineers.  This 
has  been  followed  by  a  suggested 
I  standard  of  preferred  sizes  for  bare 
'  and  metallic  coated  round  wire  in 
;  which  the  following  sizes  in  inches 
I  are  proposed: 


PREFERRED  SIZES  FOR  ROUND  WIRE 


....  0.344 O.liiO 0.090 0.045 0.022 O.un  0.0056 

.  0.3130.160  0.0800.040  0.0200.010  0.00500.00250.0012  j 

. 0.28110.140  ).071 0.036]Q.018  0.00910.0045  aaaWMlS  I 

0.500  0.250  0.1250.063  0.0320.0160.008  0.00400.00200.0010  : 
0.  t38  0.324  0.113  0.056  0.028  0.014  0.007, 

0.375  0.200  0.100  0.050  0.025  0.012  0.0063  0.0032  0.0016  0.0008  ; 


The  proposal  has  been  distributed 
to  industry  for  criticism  and  com- 
ment.  Of  139  replies  received,  74  in¬ 
dicated  approval  or  were  noncommit¬ 
tal  and  65  offered  comments  and  sug¬ 
gestions.  The  principal  opposition  to 
the  adoption  of  the  proposed  stand¬ 
ard  has  come  almost  exclusively  from 
users  of  copper  wire  for  electrical 
purposes,  whose  design  and  technical 
data  are  all  in  terms  of  the  American 
Wire  Gauge. 

It  is  suggested  by  the  ASME,  in 
the  August  1943  issue  of  Mechanical 
Engineering,  that  a  careful  study  be 
made  of  the  proposed  system  of  sizes 
to  determine  if  it  can  be  brought 
into  line  with  the  present  deeply  en¬ 
trenched  usage  in  the  electrical  in¬ 
dustry.  There  are  some  indications 
that  this  can  be  done,  but  the  project 
has  been  tabled  for  the  duration  of 
the  war  to  allow  correspondence,  dis¬ 
cussion,  and  comments  from  indus¬ 
try. 

There  is  much  less  standardization 
in  the  mechanical  uses  of  wire  than 
there  is  in  electrical  applications,  and 
a  great  deal  may  be  gained  by  that 
industry  by  the  general  acceptance 
of  a  uniform  system  of  numbers 
based  on  the  inch  unit  of  measure. 


PAPER  SHORTAGES  forced  the 
morning  newspaper  in  Beaumont, 
Texas  to  ask  5000  subscribers  to  drop 
their  subscriptions.  Several  hundred 
defense  workers  offered  to  do  so  if 
they  could  get  an  early  morning 
newscast,  so  station  KRIC  volun¬ 
teered  with  a  15-minute  roundup  of 
AP  news  at  6  a.m.,  when  the  morning 
shift  is  getting  ready  for  work  and 
the  night  shift  is  coming  home. 


IT’S  NEW 


A  ROTARY  SWITCH  THAT'S 
DIFFERENT  — AND  BETTER 


When  wiring,  contact  assemblies  can 
be  removed  from  frame  by  o  sing/e 
boll.  When  mounting,  a  single  holt 
only  is  required  in  panel.  Available 
in  single  and  multiple  units,  and  up  to 
six  switch  positions.  Contact  rating, 
10  amps.  125  VA.C.;  2  amps.  125 
V.D.C.  Breakdown  rating,  2500  volts 
D.C.  between  springs;  4500  volts  O.C 
between  springs  and  frame.  For  fur. 
ther  details  write  to 


CONTROL  COMPANY 

Windsor  St.  Canibridgo,  Mass. 


110-VOLTS  A.C. 

from  DIRECT  CURRENT 


with  KATOLIGHT  ROTARY  KONVERTERS  for  oiw 
oting  radio  and  electronic  equipment,  moving 
picture  projectors,  sound  apparatus,  A.C  oppli- 
onces,  etc. 


225  volt- 
ampere  CONVERTER 


ress  impos 


Avoiloble  in  sizes  80  through  2500  volt  omptm. 
1800  and  3600  r.p.m.,  boll  bearing  designi.  Fw 
nithed  standard  110-volt  60  cycle  A.C.  ho* 
32,110  or  220-volts  direct  current.  Quiet  is 
operation.  Con  be  furnished  with  special  filterins 
equipment  for  sensitive  radio  work. 


PIONEERS  IN  THE  MIILDINC  OF 
SMALL  ROTARY  CONVERTERS 
At  present  Koto's  entire  production  must  be  i'- 
rocted  to  furnishing  converters  on  high  prloiity 
orders.  Wire  us  if  you  need  this  kind  of  oquipmst 
for  orders. 

A/so  manufacturers  of  A.C.  and  D.C.  goneroten 
ranging  from  350  wotts  through  25  K.W.i  po** 
plants;  Frequency  changers;  high  frequency  P*' 
erators;  and  Motor  Generator  Sets. 


est  if  ac< 


KATOLIGHT  COMPANY 

LM  ST.  MANKATO,  MINN. 
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fir  THEY  CAN  DEPEND  ON 

27 

SUPER  AIRCRAFT  RELAY 


iginallv  designed  for  combat  aerobatics  .  .  .  where  strain  and 
css  impose  conditions  unknown  to  pre-war  relays  —  the  Type  27 
per  Aircraft  Relay  offers  numerous  advantages  for  a  wide  range 
other  uses. 


.11 

1 


Double  trussed  box  frame  construction  provides  rugged  strength 
id  rigidit)  . . .  Measurements  are  x  IH'  x  \V%  and  weight  but 
ounces.  The  type  27  SPOT  double  make — double  break  in  2  pole 
Mistruaion  can  withstand  in  excess  of  15g  without  a  flicker  .  .  . 
is  a  60  gram  contact  pressure  (double  make — double  break)  and  a 
)  ampere  contact  capacity  at  30  volts  d.c.  (100  ampere  inrush), 
'•minal  coil  voltage  is  12  volts  d.c.  with  a  pickup  of  6.5  volts 
A1  watt)  at  20°  C.  Coil  wattage  at  12  volts  d.c.  is  2.1  watts  at 
0®  C.  Temperature  range  is  from  —40  to  -|-  90°  C. 

Fret  samples  of  this  relay  are  available  to  manufacturers  on  re¬ 
past  if  accompanied  by  a  priority  of  AA-4  or  better.  Write  or 
btl  today  requesting  relay  No.  12723. 


VISiTRON  PHOTOTUBES 

are  available  in  quantity  in  numer¬ 
ous  sizes.  Made  by  G-M,  pioneer  in 
development  and  manufacture  of 
quality  phototubes. 


G‘M  LAHORATORIES  InC.  \Sutf,  WAR  BONDS  &  STAMPS 


mmW  4313  NORTH  KNOX  AVENUE.  CHICAGO  41.  ILLINOIS 
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F<xbrlcated  parts  for  eloctronic  tub*  and  con- 
donsor  manuiacturors — including  discs,  bridgos. 
supports,  stampings  in  any  sbopo  or  form,  con- 
donsor  films,  etc.  We  ore  serring  hundreds  of 
leading  companies  since  1917.  Special  attention 
bos  been  i^d  to  radio  tube  ond  component 
manufacturers  since  the  early  days  of  the  radio 
industry. 

Our  complete  manufacturing  facilities,  experi¬ 
ence  and  the  quick  understanding  of  our  cus¬ 
tomers'  problems,  blend  to  moke  our  senrice  in- 
Toluable  to  an  increasing  number  of  new  clients. 


May  we  quote  on  your  requirements  or 
tHatniitm  youT  mJco  problems  with  you? 


FORD  RADIO  &  MICA  CORP 


Joseph  J.  lA>nx,  President 

538  63rd  Street  Brooklyn,  N.  Y. 

Established  1917  •  Tefephoee;  Windsor  9-8300 


Precise 


PERMEABILITY-TUNED 


Cambridge  Thermionic 

CONCOHO 

■'  MASS 


Rochester 
Fall  Meeting 

November  8  and  9,  194G 
Sagamore  Hotel 
Rochester.  New  York 

MONDAY.  NOVEMBER  3 

9:30  AH— 12:30  PH 

Technical  Session 
Reriew  of  the  problem: 

"Demountable  Versus  Sealed-off  1 
by  I.  E.  Mouromtseii,  Westinghousn 
trie  &  Manufacturing  Company 

"Recent  Advances  In  Klystron  Theory,** 
W.  W.  Hansen.  Sperry  Gyroscope  Co 
pony 

2:00  PH 
Technical  Session 

"The  Design  of  I.  F.  Transformers  for  Fn 
quency  Modulation  ReceiTers."  by 
liom  H.  Parker,  Jr^  Stromberq  Carlj 
Company 

''Vacuum  Capacitors."  by  Georq* 
Floyd.  General  Electric  Company 

4:00  PH 

Committee  Meetings 

8:15  PH 
Technical  Session 

"The  Signal  Corps  Looks  to  the  Enqinoed 
by  Lt.  CoL  Kenneth  D.  Johnson.  U.  S.  Ar 
Signal  Corps 


TUESDAY.  NOVEMBER  9 

9:30  A.M. 

{  Technical  Session 

Message  of  RMA  Director  of  En~inee;.: 
Dr.  W.  R.  G.  Baker 

"Operating  Characteristics  of 
Dielectrics  with  Constants  over  1000."  1 
R.  B.  Gray.  Erie  Resistor  Corporation 

"A  Chamber  of  Commerce  War  ~ 
Committee."  by  K.  C.  D.  Hickman. 
tion  Products.  Inc. 

2:00  P.M. 

Technical  Session 

Report  of  RMA  Data  Bureau,  by  L.  C.  Fj 
Horle 

"New  Low  Loss  Ceramic  Insulation,"  b 
Ralston  Russell.  Jr.  and  L.  J. 
Westinghonse  Electric  &  Monufac! 
Company 

"Design  of  I.F.  Systems."  by  J.  E.  Muj 
nard.  General  Electric  Company 

4:00  PM. 

Committee  Meetings 


6:00  P.M. 


Banquet 


Toastmaster — R.  M.  Wise 

An  exhibit  of  the  U.  S.  Army  Signal  C-  ^ 
equipment  will  be  a  feoture  of  both  doy 
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Keeping  the 
Voice  of  Freedom 


iV-As 

Elec 


on  the  Air... 


Federal  is  devoting  its  major  energies  in  the  manufaaure  of  trans¬ 
mitting  and  rectifying  tubes  to  the  war  effort,  turning  out  great  quantities 
of  essential  types  and  sizes  for  vital  military  purposes. 

Into  each  of  its  tubes  goes  the  result  of  federal’s  leadership  in  construc¬ 
tion  and  design,  in  the  use  of  rare  metals  improved  in  purity  and  mechan¬ 
ical  properties,  and  in  workmanship  that  represents  the  last  word  in 
tube  building  —  all  of  which  assure  uniformity  of  electrical  charaaer- 
istics  and  longer  life  in  performance. 

These  advantages  have  long  been  recognized  and  that  is  why  many  of 
the  leading  broadcast  stations  in  the  United  States  are  equipped  with 
FEDERAL  tubes. 

FEDERAL  is,  and  always  has  been,  in  the  vanguard  of  tube  development 
and  manufacture.  Behind  its  facilities  and  outstanding  achievements 
are  some  of  the  world’s  best  engineering  minds  and  technical  experience. 
This  leadership  and  ability  are  available  to  broadcast  stations  in  meeting 
their  tube  requirements. 


Telephone  and  Radio  Corporation 


NEWARK.  NEW  lERSEY 


•  •  IN-RCS-CO 
»^esis#orshQve 
*hat  essential 
“esignabilitv’ 


TELEGRAPH  and  RADIO 
KEYS 


(IN-REMO)' 

INSTRUMENT 
RESISTORS  COMPANY 

25  AMITY  ST  ,  LITTLE  FALLS,  N.  J. 


THE  WINSLOW  COMPANY 

INCORPORATED 
9  Liberty  Street,  Newark,  N.  J- 


Radio  Business  News 

A  DIFFERENTIAL  PRESSURE  gage  which 
cuts  down  testing  time  of  (censored) 
equipment  from  4  hours  to  7i  min¬ 
utes  won  a  WPB  War  Production  cer¬ 
tificate  for  Francis  E.  Pratt,  instru¬ 
ment  laboratory  engineer  for  Strom- 
berg-Carlson.  The  WPB  reports  that 
the  Office  of  the  Chief  Signal  Officer 
regards  the  device  as  a  definite  con¬ 
tribution  to  the  kind  of  aircraft  radio 
equipment  that  is  not  used  for  navi¬ 
gation  or  communication. 


JONES  500  SERIES 
PLUeS  and  SOCKETS 


Unprecedented  export  complica¬ 
tions  face  the  Export  Committee  of 
the  RMA,  according  to  Walter  A. 
Coogan,  director  of  International  Di¬ 
vision  of  Sylvania  Electric  Prod¬ 
ucts  Inc.,  re-appointed  chairman  of 
the  committee.  “It  is  not  difficult  to 
obtain  orders  today,”  he  explained. 
“Our  most  pressing  problems  are 
those  connected  with  obtaining  li¬ 
censes  from  OEW  and  priority  rat¬ 
ings  from  WPB.  The  shortage  of 
shipping  space  has  eased  up  consid¬ 
erably,  and  space  is  now  available  to 
most  countries.” 


SOOO  volts  and  25  amperes.  Fulfills  every 
electrical  and  mechanical  requirement. 
Polarized  to  prevent  incorrect  connec¬ 
tions.  Easy  to  wire.  Sizes:  2,  4,  6,  8,  10 
and  12  contacts.  Thousands  of  uses. 
Write  for  Bulletin  500  4oday. 


HOWARD  B.  JONES 

2460  West  Gaorq*  Sfraat 
'CHICAGO  18’*'  r  “  ILLINC 


^  Manufacturers  of  sensi¬ 
tive  equipment  for  industrial 
and  military  needs,  h  e  v  e 
found  the  integrating  advan¬ 
tages  of  IN-RES-CO  resistors 
of  particular  importance 
where  space  Is  limited.  These 
exceedingly  compact  com¬ 
ponents  offer  dependability 
under  severe  atmospheric 
and  electrical  conditions  be¬ 
cause  each  must  pass  a  volt¬ 
age  breakdown  overload  test 
of  100%  their  rated  working 
voltage.  Literature  will  be 
sent  promptly  on  request 
without  obligation. 


Research  •Enterprise  Limited,  a 
Canadian  government-owned  com¬ 
pany  that  employs  6,800  people,  is 
working  on  orders  for  radio  and  op¬ 
tical  equipment  totaling  more  than 
130  million  dollars.  Output  of  the 
radio  industry  in  that  country  has 
expanded  sixteen-fold  since  the  be¬ 
ginning  of  the  war  and  has  caused 
the  development  of  three  new  indus¬ 
tries  for  production  of  dynamotors, 
ceramic  insulators  and  crystals. 


CBS  WILL  CONSTRUCT  a  new  interna¬ 
tional  broadcast  station  at  Wayne, 
N.  J.,  to  be  added  to  the  new  network 
of  short-wave  transmitters  being 
used  by  the  OWI  Overseas  Division  to 
beam  American  news  and  programs 
to  all  parts  of  the  world.  The  sta¬ 
tion  will  have  two  short-wave  trans¬ 
mitters  to  furnish  two-frequency 
coverage.  The  construction  cost  is 
announced  as  $476,150. 


Telegraph  Keys  to  Signal 
Corps  Specifications 


TYPE  RL  (at  laft).  '/i  Watt.  Non- 
inductive,  Standard  tolerance 
‘/i%.  Maximum  resistance  500,000 
o.iins.  Size  '/]"  d.a.n.  x  ■/]"  hig.i. 


Typei  now  in  production  include 


TYPE  SL  (at  right)  I  Watt.  Non 
inductive.  Standard  tolerance 
'/2%.  Maximum  resistance  I  Meg- 
itn,  Size  '/i"  diam,  x  15/16" 
high. 


Anticipating  the  resumption  of 
domestic  radio  production,  the  Radio 
Manufacturers  Association  has  set 
up  a  special  committee  for  post-war 
planning  that  includes  many  promi¬ 
nent  executives  of  the  industry. 

The  committee,  headed  by  R.  C. 
Cosgrove,  vice-president  and  general 
manager  of  the  Crosley  Corp.,  will 
correlate  their  work  on  the  economic 


Quotations  upon  reefufsl 
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To  drive  the  ball  from  the  tee  into  the  cup  with  a  single 
stroke  is  the  ultimate  in  golf — but  very  rare. 

To  transmit  mechanical  power— or  remote  control — 
between  two  points  with  a  single  part  is  the  ultimate 
in  design — but  not  at  all  rare — for  you  can  do  it  every 
time  with  an  S.  S.  White  Flexible  Shaft — regardless  of 
the  relative  locations  of  the  points  which  must  be  con¬ 
nected  or  of  obstacles  in  the  path  between  them. 

That's  why  electronic  equipment  designers  should 
consider  S.  S.  White  Flexible  Shafts*  whenever  power 
drive  or  remote  control  problems  come  up — for  their 
use  simplifies  manufacturing,  speeds  production,  cuts 
costs. 

ASK  FOR  THESE  BULLETINS 

BULLETIN  1238 — Power  Drive  Flexible  Shefts. 
bulletin  38-42 — Remote  Control  Flexible  Shafts.  *  ** 


DRIVEN  OR 

CONTROLLED 

MEMBER 


S.  S.  WHITE 

FLEXIBLE 

SHAFT 


S.  S.  White  Flexible  Shafts 
coma  in  a  wide  range  of 
diameters  and  physical 
characteristics,  in  both  the 
power  drive  and  remote 
control  types.  Long  years 
of  use  in  aircraft,  motor 
vehicles,  radio  and  many 
other  fields  have  verified 
their  excellence  and  un¬ 
failing  dependability. 


POWER 

SOURCE 


S.  S.  WHITE 

The  S.  S. 

INDUSTR 


^  *  The  need  of  our  thafh 

ii  in  war  equipment  coafines 
our  production  and  service 
to  war  work  unfit  Victory  is 
won. 


IgpiVISlON 


l  NEW  YORK  16.  N.  Y 


FLEXIBLE  SHAFTS 


AIRCRAFT  ACCESSORIES 


MOLDED  RESISTORS  •  CONTRACT  PLASTICS  M0LDIN6 
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l$lBrnofktr.  ^Ewctronic. 
>(iwhis~-^ecLkL£lcitie«. 


HHHfil.for  war  ^  work. 
IPPSCO  24-hour  service 
»  helping  meei  the  tough¬ 
est  delivery  schedules. 


Wril&  for  new  24-page 
Dialco  Catalomie  . .  now! 


DlfliaiGHT  CO.  OF  OmCRICn,  Inc 

90  WEST  STREET  .  NEW  YORK  6,  N.  Y, 


Extruded 

STEATITE 

Pieces  Made  By 

STAR 

Just  one  of  several 
ways  by  which  this  es¬ 
sential  product  is  made 
at  STAR,  where  high 
pressure  hydraulic  ex¬ 
trusion  presses  insure 
uniform  density  and  di¬ 
mensions  in  the  finished 
piece. 


PORCE 

ELECTRONICS  DEPT. 


OMPANY 

TRENTON,  N.  J. 


problems  of  the  industry  with  ihst 
of  the  technical  planningr  agency  o; 
ganized  by  the  RMA  and  the  IRr 
“Through  the  organization  of  g?iK 
committees  or  panels,  the  committif 
will  deal  with  such  subjects  aa; 
liaison  planning  with  goveri  men: 
and  industry  agencies;  reconv  rsLr 
to  civilian  production;  public  rela 
tions,  including  promotion  and  i4.| 
vertising ;  distribution  problems 
war  contract  termination;  war  jn.i 
ventory  disposal;  problems  in  con] 
nection  with  government  plants; 
employment  and  labor  relations ;  maM 
ket  analysis  and  research;  pat^ 
and  licensing;  and  export  markets,* 
Mr.  Cosgrove  said. 


RMA  COMMITTEE  MEMBERS  plan, 
ning  post-war  activities  include: 
W.  R.  G.  Baker,  G-E  vice-pres.; 
M.  F.  Balcom,  Sylvania  vice-pres.; 
John  Ballantyne,  Philco  pres.;  R 
C.  Bonfig,  RCA  Victor  vice-pres.; 
Walter  Evans,  Westinghouse  vice- 
pres. ;  A.  H.  Gardner,  pres..  Colonial 
Radio  Corp.;  Leslie  F.  Muter,  pres, 
The  Muter  Co.;  J.  J.  Nance,  Zeriii> 
vice-pres.;  E.  A.  Nicholas,  Farns¬ 
worth  pres. ;  Ross  D.  Siragusa,  pres 
Continental  Radio  &  Tel.  Corp.;  Ra 
F.  Sparrow,  P.  R.  Mallory  vice  pres., 
and  A.  S.  Wells,  Wells-Gardner  pres 


Solar  Mpg.  Corp.  announces  t 
moval  of  general  offices  from  tr 
Bayonne,  N.  J.  plant  to  285  Madison 
Ave.,  New  York  17,  N.  Y. 


Haydu  Bros.,  maker  of  elettn; 
products,  has  purchased  a  plant 
Plainfield,  N.  J. 


Motorola  has  supplied  some  40,- 
000  radio  dealers  with  a  maii  I 
piece  that  points  out  the  m. 
for  straight  thinking  now  to  p’ 
the  post-war  market. 


Western  Electric  has  established 
a  new  plant  in  Haverhill,  Mass,  f ' 
manufacture  of  communicatioM 
equipment. 


Webster  Products,  3825  W.  .Arrr; 
tage  Ave.,  Chicago,  should  be  added 
to  listing  in  the  June  Directory  of 
Electronics  as  a  manufacturer  • 
the  following  products:  dynamotors, 
generators,  inverters,  small  moton 
voltage  regulators  and  special  instru¬ 
ments. 
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r  ERFE(T  FORM  —  Ixilli  ill  nianiifai'tiiri*  and  |H‘rforniance.  is  more  essential 
now  than  ever,  if  you  are  driven  by  war  lime  speed,  and  the  eonstanlly  growing 
iM'ed  for  prealer  prodnelion. 


Lrufii 


The  trailitionallv  de|M‘ndable  |M'rformanee  of  Haydn  Bros.  Burner  ec|iiipment. 
has  bt'en  an  assuranee  of  uninlerrnpU‘<l  eeonomieal  proiluelion. 


Today,  thousands  of  Haydn  Bros.  Burners,  in  many  styles  ami  sizes,  for  Gas. 
Air  and  Oxygen,  are  use«l  in  plants  of  the  general  glass  working  industry  from 
eoast  to  roast,  helping  to  speed  those*  essential  orders. 


Specially  designed  Burners,  Torches,  Cross¬ 
fires  and  Mixers  to  meet  your  requirements. 


HAYDV  BROTHERS 


WRITE  FOR 
LATEST 
BL'LLETIN 
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SIGMUND  COHN&CO 

44  GOLD  ST.  J  NEW  YORK 
SINCE  iiX  1901 


Argon  Helium  Krypton 
Neon  xenon  Mixture; 


ruK  i.inde:  air  f’roducts  company 


{/nH  (7nion  Carbidi*  and  Carbon  Cf^rpnraiion 
M)  I-.  i2d  St  ,  Nrw  York  Olf. cr»  in  Pfin.ip*U 

In  Canftil*.  Dominion  Oi  >  Cornp«n>,  Ll*i  t 


Personnel 

Dr.  A.  H.  Rosenthal,  physicist  and 
electronic  engineer,  has  been  ap¬ 
pointed  director  of  research  and  de¬ 
velopment  of  Scophony  Corp.  of 
America,  manufacturers  of  televi¬ 
sion  projectors.  He  will  head  a 
group  of  scientists  and  engineers 
engaged  in  research  of  fundamental 
inventions  in  television  and  elec¬ 
tronics. 


Richards  W.  Cotton,  managing  di¬ 
rector  of  the  British  Rola  Co.  of 
London,  and  an  American  citizen, 
has  been  appointed  assistant  direc¬ 
tor  at  the  British  Air  Commission 
in  Washington,  in  charge  of  pro¬ 
curement  of  radio  parts  and  equip¬ 
ment. 


Complete  equipment  and  stcdi 
of  specialists  for  the  continuous 
electroplating  of  fine  wire.  We 
can  now  plate  a  wide  range  oi 
metals  either  on  your  own  wire 
or  on  wire  supplied  by  us  . . , 

Your  inquiry  is  invited 


FOR  BUYERS  OF 
ELEGRONIC  and  RADIO  SUPPLIES 

SLOW  service  .  .  .  that  end¬ 
less  waiting  for  supplies  to 
carry  on  rush  electronic  war 
work,  has  taken  a  knock-out 
blow  from  W-J  EMERGENCY 
SERVICE!  Now,  with  neces¬ 
sary  priorities,  you  can  write 
or  phone  our  long  experienced 
technicians  for  information  or 
service  .  .  .  ask  for  one  or  one 
hundred  (or  more)  different 
items  with  every  assurance  of 
getting  them  faster  than  you 
ever  thought  possible  under 
present  war  conditions.  Special 
departments,  technical  staffs, 
merchandise  and  methods 
have  been  streamlined  to  aid 
the  war  effort  ...  to  function 
with  a  degree  of  speed  and 
efficiency  heretofore  u  n  a  p- 
proached  in  the  history  of 
radio  and  electronics  supplies 
distribution.  Make  us  head¬ 
quarters  for  all  your  electronic 
needs.  Write  or  phone  today 
for  REAL  cooperation. 


James  O.  Weldon,  chief  radio  en¬ 
gineer  of  the  Bureau  of  Communi¬ 
cations  Facilities  of  the  OWl  Over¬ 
seas  Branch,  has  been  named  chief 
of  the  Bureau  to  succeed  Murry 
Brophy,  who  recently  resigned  be¬ 
cause  of  ill  health. 


Nelson  Blount,  retired  research 
worker  and  inventor  for  Bell  Tele¬ 
phone  Labs.,  died  recently  at  the 
age  of  64  in  Morris  Plains,  N.  J.  He 
aided  in  the  development  of  the 
throat  microphone  widely  used  by 
the  armed  forces,  and  the  French 
type  handset.  He  is.  reputed  to  have 
once  ridden  a  torpedo  to  observe  at 
first  hand  its  reactions. 


Rake  Gases 
\  MiXTVRi 


William  D.  Terrell,  Chief  of  the 
FCC  Field  Division,  retired  re¬ 
cently  at  the  age  of  72.  He  began 
his  career  in  government  radio  in 
1911  as  wireless  ship  inspector  in 
the  Department  of  Commerce,  serv¬ 
ing  as  chief  of  the  Radio  Division 
from  1915  to  1932  when  he  became 
chief  of  Field  Operations  of  the 
Federal  Radio  Commission.  He  con¬ 
tinued  in  this  post,  when  that  body 
was  superseded  by  the  present  FCC, 
for  a  total  of  40  years  in  govern¬ 
ment  service,  and  was  twice  ex¬ 
empted  from  automatic  retirement 
by  executive  order  of  the  President. 


.  .  ,  Spectroscopically  Pure 
.  .  .  Easily  removed  from  hu‘ 
without  contamination 

Scientific  uses  for  Linde  rare  gases  inclui 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  sinM*'^  ; 
devices. 

3.  Metallurgical  research. 

4.  Work  with  inert  atmospheres,  where  h 
conduction  must  be  increased  or  decree; 

Many  standard  mixtures  are  avail- 
Special  mixtures  for  experimental  pusf 
can  be  supplied  upon  request. 

The  word  "Linde"  is  a  trade-mark  of 


^ree 

A  tail  Reference  Book  A 
Buyer’s  Guide  crammed 
with  heipful  information  on 
thousandi  of  Radio  and 
Electronic  parts  and  equip¬ 
ment.  Free  to  Purchasini 
Apents  and  other  offlclali 
responsible  for  buying  and 
specifying  in  industries  us¬ 
ing  this  equipment.  Ask  for 
it  NOW  on  company  sta¬ 
tionary.  please. 


311 S.  Western  Ave.,  Chicago  12,  III 

PHONE:  CANAL  2525 


George  S.  Turner  become.s  the 
new  Chief  of  the  Field  Division  of 
the  FCC’s  engineering  Department. 
He  joined  the  Commission  in  1931, 
and  has  been  Assistant  Chief  of  the 
Field  Division  since  1940. 
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CAPACITORS 


UALITY  COMPONENTS  •  EXPERTLY  ENGINEERED  •  COMPETENTLY  PRODUCED 
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GOOD  MATCH 
FOR  TODAY’S  < 
SPECIFICATIONS 

. . .  plus  a  hw  Herns  for  which 
specifications  have  not  l^en  written 


r 


RELAYS 


COMPACT  IN  SIZE 
OUTSTANDING  IN  PERFORMANCE 


.  .  ideal  for  communications  equipment  of  all  kinds, 
radio  equipment,  aircraft  equipment  and  other  essen 
tial  applications.  Available  in  both  AC  and  DC  types 


David  Grimes,  vice  president  i; 
charge  of  engineering  for  Phiit, 
Corp.,  was  killed  early  in  Septembe 
when  the  transport  plane  in  whicj 
he  was  traveling  crashed  into  i 
mountain  in  Northern  Ireland,  g, 
was  abroad  on  a  special  war  n  issio:^ 
and  was  in  the  company  of 
dore  James  A,  Logan,  Comm;  ndan- 
of  the  United  States  Naval  ope.  ating 
base  at  Londonderry,  who  wa^  als 
killed  in  the  crash. 

During  the  World  War  Grimes  sa^ 
military  service  as  chief  radio  oflitcer 
at  Kelly  Field,  Texas,  and  in  the 
last  months  of  the  war  as  signal  of¬ 
ficer  attached  to  the  British  Air 
Force  in  England.  After  returning 
to  this  country,  he  spent  a  few  yearj 
as  research  engineer  in  telephony 
for  AT&T,  and  then  established  his 
own  organization  to  do  consulting 


Making  Parts  Witliont  Dies 


N o  delay  waiting  for  dies — parts  ready 
quicker — deliveries  speeded  up — all 
to  bring  the  Victory  sooner!  Women  are 
rapidly  taking  a  major  place  on  the  industrial 
front.  DI-ACRO  Precision  Machines — Shears, 
Brakes,  Binders  —  are  ideally  suited  for  use 
by  women  in  making  duplicated  parts  accu¬ 
rate  to  .001*'  —  Die-less  Duplicating. 
Thousands  of  DI-ACRO  Machines  are  now 
in  use  in  War  plants. 

S«nd  for  Catalog 

"METAL  DUPLICATINO  WITHOUT  DIES" 

It’s  an  eye-opener  on  what  you  can 
do  without  dies,  shows  typical  parts, 
and  gives  sizes  and  capacities  of  all 
models  of  Di-Acro  Shears,  Brakes, 

Benders. 


BRAKES 

Ullust  rated) 

Di-Acro  Brake  forms  non¬ 
stock  angles,  channels  or 
“Vecs”.  Right  or  left  hand 
operation.  Folding  width  — 
Brake  No.  1  —  6'.  Brake  No. 
2  —  12*.  Brake  No.  3  —  18*. 

BENDERS 

Di-Acro  Bender  bends  angle, 
channel,  rod,  tubing,  wire, 
moulding,  strip  stock,  etc. 
Capacity  —  Bender  No.  1  — 
A',  round  cold  rolled  steel 
bar.  Bender  No.  2  —  cold 
rolled  steel  bar. 

SHEARS 

Di-Acro  Shear  squares  and 
^es  material,  cuts  strips, 
makes  slits  or  notches,  trims 
duplicated  stampings.  Shear¬ 
ing  width  —  Shear  No.  1  — 
6*.  Shear  No.  2  —  9*.  Shear 
No.  3  — 12'. 


Metex  k 
d  number 
applicotio: 
tinuous  tu 
A  large 
Icenlage  c 
or  round  ^ 
from  a  ris 


David  GrlmM 


research 


engineering  for  several 
companies.  From  1930  to  1934  he  | 
was  license  engineer  for  RCA. 

He  joined  Philco  in  1934  as  engi¬ 
neer  in  charge  of  research  and  en¬ 
gineering  for  home  radio  sets,  and 
was  named  chief  engineer  in  1939. 
Since  1942  he  has  been  vice  president 
in  charge  of  engineering. 

It  was  Grimes'  belief  that  a  net¬ 
work  of  relay  television  relay  sta¬ 
tions  to  beam  programs  from  one 
station  to  another  would  make  it 
possible  to  develop  a  nation-wide  tele¬ 
vision  service.  Under  his  direction 
Philco  put  a  successful  television  rfr 
lay  system  into  operation  between 
New  York  and  Philadelphia  in  1941. 

Robert  Bartley,  vice-president  of 
the  Yankee  Network,  has  been  ap¬ 
pointed  War  Director  of  the  Na¬ 
tional  Association  of  Broadcasters. 


iinciei'se 


elelt 
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Metex  knitted  wire  mesh  is  a  new  material  with 

number  of  interesting  possibihties  in  electronic 

iopplirotions.  It  is  not  woven,  but  is  made  in  con- 

gj.j]  tinuous  tubular  form  from  a  single  wire. 

he  A  large  range  of  choice  is  available  as  to  the  per- 

entaqe  of  free  area  in  a  given  fabric.  Both  flat 
ngfi- 

en-  round  wires  con  be  used.  Sagging  and  buckling 

from  a  rising  temperature  ore  avoided,  because  the 
939 

iuc.enss  in  length  of  the  wire  is  taken  up  by  the 
uTvulure  in  the  loops. 

The  material  can  be  manipulated  into  foroxninous 
with  a  controlled  percentage  of  free 
volnnie.  Similar  structures  con  be  designed  for 
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Features  and  Characteristics 
of  METEX  METAL  MESHES 


resiliency  at  temperatures  above  the  range  of 
organic  materials.  Relatively  large  openings  in 
ratio  to  the  wire  diameter  ore  possible  where  re¬ 
quired,  thereby  increasing  the  percentage  of  free 
area  beyond  the  amoxmt  possible  with  woven 
screening. 

We  are  familiar  with  techniques  for  knitting  fine 
mesh  screens  from  tantalum,  timgsten,  molybdenum, 
nickel,  and  heat  resisting  alloys.  Illustrative  sam¬ 
ples  ore  available  upon  request. 

Cooperation  of  our  Engineering  Staff  is  offered 
for  research  and  development  projects. 


METAL  TEXTILE  CORPORATIOX 
4  Central  Avenue,  West  Rrange,  X.  •!. 


A  n*w  matvnai — Kutt*d  not  woTon — haring  uniquo 
charactoriatics  and  iooturM  adoptobU  to  oppUoa- 
tion  lor  which  othor  motoriols  or#  unsatiaiactorr. 


METAL^  MESHES 


Oatall  of  tinaly  looaad  (tmctvro  traatly  onlartod 


WRITE  FOR 
wouR  copy 
ITODAY 


NATIONAL  COMPANY 

1  MALDEN  MASS 


Permanent  radio  engineering  poii- 
tion$  in  Southern  California  for  .-ntn 
with  creative  and  design  optitods, 
especially  with  UHF  circuits.  Storting 
solary  ond  advancement  deprrndt 
upon  the  engineer's  experience  and 
ability. 

Applications  ore  solicited  from  per¬ 
sons  that  ore  not  using  their  highest 
skills  in  war  work. 

Write  complete  qualifying  educa¬ 
tional  troining  ond  experience  to 
Chief  Radio  Engineer,  Bendix  Avi¬ 
ation,  Ltd.,  in  care  of  The  Show  Com¬ 
pany,  816  W,  5th  St.,  Los  Angeles  13 


The  Carborundum  Co., 

Niagara  Falls,  N.  Y. 

Chicago  Telephone  Supply  Co., 
Elkhart  Plant,  Elkhart,  Ind. 
Eitel  McCullough,  Inc., 

Salt  Lake  City,  Utah 

Micro  Switch  Corp., 

Freeport,  Ill. 

National  Union  Radio  Corp., 
Receiving  Tube  Div.,  McCarter 
Highway  Plant,  Newark,  N.  Y. 
Phelps  Dodge  Copper  Products 
Corp., 

Los  Angeles,  Cal. 

Truscon  Steel  Co., 

Pressed  Steel  Div.,  Cleveland,  Ohio 
Westinghouse  Elec.  &  Mfg.  Co., 
Meter  Div.,  East  Pittsburgh,  Pa. 


A  total  of  1910  plants  and  projects 
have  been  granted  the  Army-Navy 
“E”  for  excellence  in  production  of 
war  materials.  This  is  the  first  time 
since  the  joint  award  was  inaugur¬ 
ated  a  year  ago  that  the  total  number 
of  awards  has  been  made  public.  No 
official  compilation  has  been  made  of 
the  total  number  of  plants  in  this 
country,  both  prime  and  subcon¬ 
tractors,  but  on  the  basis  of  several 
statistical  reports,  it  is  estimated 
that  less  than  2i  percent  of  the 
eligible  plants  have  received  the 
award  to  date.  Stringent  eligibility 
requirements  account  for  the  rela¬ 
tively  small  number  of  plants  receiv¬ 
ing  the  honor  in  comparison  with  the 
great  number  working  on  war  con¬ 
tracts.  Of  the  1910  plants  which  have 
received  the  “E”,  1188  were  nomin¬ 
ated  by  the  Army  and  722  by  the 
Navy. 


Shows  dascription,  givti 
sions  and  output  of  small  rr.c;; 
from  1/3000  h.p.  to  1/3  n 
plain  and  back-gaarad 
for  A.C.,  O.C.,  or  lIb' 
oparation— dapandabla, 
and  aconomical  SpaadW< 
Motors  ambodying  Hta 
how"  davalopad  through  ”■ 
than  30  yaars  of  sp?:^ 
in  small  motors  —  tha  ' 
how"  that  has  answartd 
many  war  problams,  for  ‘ 
branchas  of  tha  sarvica. 

If  you  usa  small  motors,  »’ 
for  this  naw  catalag  today 
you  hava  small  motor  p 
sand  In  your  spacificatioiis  " 
SpaadWay's  racommandatiom 


OVER  four-fifths  of  the  1,833,000 
workers  added  to  the  payrolls  of 
American  factories  between  April 
1942  and  June  1943  have  been 
women. 
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Oorts  Mod*  Wiflotoblo,  life-Saving 
h]  Rofts  ond  Jotlioti  Potsibl*. 


Coated  Clothi  Filled  Gap  Between  Costly 
leather  and  Flimsy  Paper  Bookbindings. 


Clolh  Gives  Fibre  Boards  ResHtonce  to  Abro- 
siotv  To  Flexing,  and  to  Time. 


Cloth  Assures  Durability  For  Mops  In  The 
Field,  On  The  WoB  or  In  Storage. 


Cloth  Proterts  Originol  Designs,  Assures  lost- 
ing  Blueprints. 


-d  Cloths  Mode  Gos  Masks  Effer- 
omf  Oukk  Deterioration. 


Cloth  Protects  Photos  From  Crockling  and 
Tearing;  Facilitates  Placement  in  Binders. 


Cloth  Combines  With  Plostics  To  Disploce 
Metals  In  Gears,  Gaskets  and  Woshers. 


THE  AMAZING  ADAPTABILITY  OF  CLOTH? 


Immediate  demands  are  that  weight,  time  and  costs  be  reduced,  products  improved,  and  new 
products  conceived.  Cloth  is  helping  to  achieve  all  these  objectives. 

Think  what  inflatable  boats  and  rafts  of  coated  cloth,  to  serve  where  wooden  boats  and  metal 
rafts  are  impossible,  mean  in  saved  lives  and  lessened  suffering.  Think  what  is  being  achieved 
with  cloth  and  plastic  in  lamination,  with  cloth  in  adhesion. 

An  accompanying  illustration  may  suggest  how  something  you  may  have  conceived,  could  be 
made  a  reality.  The  adaptabilities  of  impregnated,  coated  and  filled  cloths  seem  limitless. 

Whatever  your  conceptions  or  problems,  let  us  know.  Something  we  already  have  done,  will 
probably  suggest  a  solution  to  us,  just  as  these  illustrations  of  some  processings  may  suggest  new 
possibilities  to  you. 


CURRINT  HOLLISTON  PRODUCTION  i.Kiudes  coated  and 

IMPREGNATED  FABRICS,  mildew  proof  — -  fire,  weather  ond 
woter  resistant  —  gas  impermeable,  etc.  INSULATING  CLOTH 
BASE  SEPARATOR  CLOTHS,  rubber,  starch-filled,  glazed. 
tracing  and  blue  print  cloths  white  and  blue,  ink  or  pencil. 
MAP  aOTH.  PHOTO  CLOTH,  self-adhesive.  REINFORCING 
FABRICS.  SIGN,  LABEL  AND  TAG  CLOTHS,  waterproof  to  take 
any  ink,  meet  any  inking  problem.  BOOKBINDING  CLOTHS. 
SHADE  CLOTH,  impregnated  wateroroof,  opaque,  translucent  or 
light  proof. 


IN  DEVEIOPMENT:  Mildew-proofing  and  asphalt-impregnating 
processes;  fire  and  weather-resistant  treatments,-  synthetic  resin 
fillings  and  coatings  applicable  from  nettings  to  duck.  In  general, 
Holliston  can  convert  any  print  cloth,  sheeting,  twill  and  duck  in 
widths  from  30'  to  80*  and  can  dye,  impregnate,  coat  ond  fill 
in  any  color  to  specified  stiffness  or  pliability,  hand,  bond,  weight 
addition  and  tensile  strength,  including  Elmendorf  tear  strength, 
for  any  trade,  commercial  or  industrial  use.  We  have  both  the 
wish  and  the  capacity  to  cooperate  on  production  problems  We 
urge  you  to  consider  CLOTH;  and  invite  you  to  consult  with  us  concern¬ 
ing  possibilities  and  developments  for  your  specific  requirements. 


HOLLISTON  MILLS 


CONVERTING  CLOTHS  TO  GREATER  USE,  FIELDS 

NORWOOD,  MASSACHUSETTS 

Sales  Agents  in  Principal  Cities 
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6337  GUILFORD  AVENUE,  INDIANAPOLIS,  INDIANA 


1‘EhlViANENT 

MABNETS 


Eik  Arnolil  Kiiginecrin^'  CJotiipany  is  thor 
oughlv  cx[jt'rienct‘(l  in  thf  produdion  of  all  ALMUO 
Typfs  of  [Krniancnt  ma^nets  iiKluding  AL.NKIO  V. 
All  magnets  are  Cfrmpletely  manufat  lured  in  our 
oun  plant  under  dose  metallurgiral,  medianiial 
and  magnetic  control. 


tngineeiing  assistance  b\  lonsultation  or 
corres|x)ndence  is  freeh  offered. 


The  Arnold  Engineering  Company 


147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 


Scrambling 


(Continued  from  page  111) 


from  the  6C5  oscillator.  A  fixed  .alue 
is  shown  for  Ru,  but  it  might  bi 
to  use  a  standard  volume  control  in. 
stead  to  provide  for  relative  adjust¬ 
ment  of  the  amplitudes  of  the  in- 
verting  frequency  and  incemint 
speech  frequencies. 

The  frequency  from  the  6C5  oscil- 
lator  is  controlled  by  means  of  a 
variable  resistance  and  capacitor  in 
series.  The  control  is  the  large  dial 
shown  on  the  front  of  the  panel.  The 
values  of  the  various  components 
comprising  the  oscillator  circuit  have 
been  chosen  so  that  a  frequency  of 
3000  cycles  is  proAdded  with  the  con¬ 
trol  near  the  center  position.  A 
Wien  bridge  or  any  other  well-known 
type  of  oscillator  may  be  used  for 
supplying  the  inverting  frequency. 

Because  of  the  close  proximity  of 
the  component  parts  of  the  inverter 
hum  pickup  is  reduced  by  isolating 
power  transformer  T*.  This  trans¬ 
former  is  mounted  externally  in  a 
small  can  and  made  a  part  of  the 
line  cord. 

In  operation,  the  inverter  may  be 
used  for  both  scrambling  and  un 
scrambling.  If  desired,  two  units 
may  be  placed  at  either  end  of  a  two- 
way  circuit  with  the  usual  balanced 
hybrid  coils,  to  provide  a  complete 
privacy  system  for  two-way  tele¬ 
phone  communication. 


land  Spllttiim 


To  secure  privacy  of  speech  by 
means  of  band  splitting,  the  speech- 
frequency  band  is  divided  as  to  fre 
quency  into  a  plurality  of  sub-bands, 
some  of  which  may  be  transmitted 
without  modification.  Others  first 
have  their  frequency  order  inverted 
and  are  then  transmitted  along  with 
the  unchanged  sub-bands,  or,  if  d^ 
sired,  each  of  the  sub-bands  may  be 
inverted  before  transmission. 

It  is  preferable  in  this  type  of 
secrecy  system  that  the  frequency 
width  of  each  of  the  sub-bands  be 
kept  narrow  enough  so  as  to  be  in¬ 
capable  of  reproducing  understand¬ 
able  speech  by  itself.  The  maximum 
width  of  a  sub-band  must  not  exceed 
certain  limits  because  of  the  large 
amount  of  intelligibility  that  would 
be  contained  in  a  band  only  several 


MNUFACT 

)eherator 
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ULTRA-SENSITIVE  MULTITESTER 


20,000  OHMS  PER  VOLT 

The  R.C.P.  Model  461 P  Ultra  Sensitive  Multitester  pro¬ 
vides  a  wide  range  of  measurements  and  features  required 
for  general  laboratory  purposes.  It  is  also  ideally  suited 
for  field  and  shop  measurements  on  military,  and  naval 
equipment. 

Sensitivity  of  20,000  ohms  per  volt  on  all  D.C.  meas¬ 
urements  results  in  negligible  loading  of  delicate  circuits. 
Wide  scale,  454"  rectangular  meter  used,  with  a  move¬ 
ment  of  50  microamperes.  Readings  as  low  as  1  micro¬ 
ampere  can  be  made  on  the  100  microampere  scale. 

A.C.  voltmeter  sensitivity  is  1,000  ohms  per  volt.  Meter 
movement  is  2%  accurate.  Shunts  and  matched  pair 
metallized  voltage  multipliers  accurate  to  within  1%. 
A  suppressor  type  copper  oxide  rectifier  is  used. 


D.C.  voltmeter: 

RANGES! 

0-2.5-10-50-250-1,000-5,000  volts. 

A.C.  voltmeter: 

0-2.5-10-50-250-1 ,000-5,000  volts. 

Output  voltmeter: 

0-2.5-10-50-250-1 ,000-5,000  volts. 

D.C.  microammeter: 

0-100  microomps. 

D.C.  milliommeter: 

0-10-100-500  milliomps. 

Ohmmeter: 

0-1,000-100,000  ohms;  10  megohms. 

db  meter: 

minus  10  to  plus  55. 

Over  oil  dimensions  of  (he  model  461 P  ore  8“  x  7%  x  3% 
Complete  with  self-contoined  bottery  supply  ond  $0  050 
convenient  leother  hondle  .  .  .  net .  OO 


Other  instruments  in  the  complete  line  of  R.C.P.  elec¬ 
tronic  and  electrical  instruments  described  in  Catalog 
No.  126.  If  you  have  an  unusual  test  problem  —  either 
for  production  or  laboratory  work — our  engineers  will  be 
happy  to  cooperate  in  finding  the  most  efficient  solution. 


RCASONABLl  DKLIVCRICS  ARK  NOW  BCINQ  SCHKDULKD 


ADIO  CITY  PRODUCTS  COMPANY,  INC. 


127  WEST  26th  STREET 


NEW  YORK  CITY 


■anufacturers  of  precision  electronic  limit  bridges  — vacuum  tube  voltmeters  — volt-ohm-milliammeters  — signal 

IF-  ^TORS  — ANALYZER  UNITS  — TUBE  TESTERS  —  MULTI-TESTERS  —  OSCILLOSCOPES  —  AND  SPECIAL  INSTRUMENTS  BUILT  TO  SPECIFICATIONS 
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hundred  cycles  wide,  especially  if 
this  portion  were  chopped  out  of  the 
spectrum  in  the  neiprhborhood  of 
1000  cycles. 

The  number  of  sub-bands  into 
I  which  the  voice  frequency  band  is  di¬ 
vided  is  dependent  on  the  degree  of 
I  privacy  required.  The  greater  the 
!  number  of  sub-bands,  the  greater  the 
:  number  of  transposition  combina- 
;  tions  that  are  possible. 

I  The  combination  of  transposition 
I  and  inversion  of  the  various  sub- 
,  bands  is  accomplished  by  suitable 
I  modulation  processes.  By  using  bi- 
j  lateral  modulators,  the  same  ap- 
!  paratus  may  be  used  for  retranspos- 
j  ing  and  reinverting  the  sub-bands  of 
i  a  speech  band  that  has  been  rendered 
unintelligible  in  the  manner  de¬ 
scribed. 


Band-SpliHing  Circuit 


Figure  3  represents  schematically 
a  band-splitting  privacy  system.  The 
normal  speech  currents  are  derived 
from  the  line  L,  and  impressed  on 
the  sub-band  filters  F„  F*,  F»,  and  F,. 
These  filters  serve  to  divide  the 
speech  currents  into  four  equal  sub¬ 
bands  which  may  each  have  a  width 
of  b  cycles.  For  instance,  filter  F, 
will  pass  a  range  of  frequencies  /  to 
f  +  b,  where  /  is  representative  of 
the  lowest  essential  voice  frequency 
necessary  for  transmission. 

Each  input  filter  is  connected  to 
supply  selected  voice  currents  to  four 
separate  modulators  M„  M,,  and 
M,.  These  are  bilateral  modulators 
of  the  double  balanced  copper-oxide 
type,  shown  in  detail  in  the  case  of  M,. 
Each  modulator  is  essentially  a  lattice 
netw’ork  having  a  copper-oxide  recti¬ 
fier  unit  in  each  of  the  series  and  lat¬ 
tice  arms,  and  two  transformers  each 
having  two  windings,  one  winding  of 
each  transformer  being  connected 
across  one  of  the  tw-o  sets  of  termi- 
als  of  the  network,  and  the  source  of 
carrier  current  for  modulation  with 
the  voice  frequencies  supplied  to  the 
other  windings  of  each  transformer 
being  connected  across  the  mid¬ 
points  of  the  first  two  windings. 
However,  any  of  the  other  known 
types  of  bilateral  modulators  may  be 
used,  such  as  the  balanced  modulator 
shown  in  Fig.  38,  p.  550  of  Radio  En¬ 
gineering  Handbook*. 

The  carrier  frequencies  supplied 


THERE’S  A  DRAK 

SOLDERING  IRO 


FOR  EVERY  TYPE  0| 
ELECTRONIC  WOR 


From  that  mighty  mite 

-<=| 


the  Drake  No.  400  to  the  hij^h- 
speed  production  “honey” 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering 
Iron  “just  right”  for  the  job. 


Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


SEE 

YOUR  RADIO 
PARTS  JOBBER 


DRAKE  ELECTRIC  WORKS,  INC. 


3656  LINCOLN  AVE.  CHICAGO,  ILL. 


NUMBERALL  • 


NUMBERING  and 
LETTERING  PRESS 


•  Edited  by  K.  Ilenuey.  MviiritirHill  Honk 
i‘o.,  Srir  York  tH,  1'. 


MODEL  40 


Quickly  stamps  serial  numbers 
and  other  details  on  name 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur¬ 
nished  for  HOT  stamping. 
Write  for  catalog. 


NUMBERALL 

STAMP  &  TOOL  CO. 


Huguenot  Park  Staten  Island.  N.  Y. 


2(Syi 


[SOUDBi 


bigh-n”-*-** «“ 

i,f  them  were 
idilfrrenrelh 

nalurul  mbbe 
Liajor  type*  ol 


It  is  at 


pioancc  th( 

One  ] 
siMie  is  besi 

rul>i«  r  few 

of  E 

T'UTi  liome 
•  The  rul 
indiistries, 
i"aile  this 


*  *i|icrirnce 


they 
iiie  Axis  c 
than  that, 
tliat  can  d 
•lone  hefoi 
loiu  any 
That  is 
lauu  We 
iiu  our  r 
-  •  ..‘-hre 
^  hat  tl 
iillv  knoT 


272 


October  1 943  — 


ELECTROM<> 


■ElKCTl 


V  • 


BOUNCE,  BALLS,  BOUNCE! 


3  (SyirtlMticY 


6  (SynOMOc) 


4  (SyattwOc) 


2  (SyrtMtie)  S  (Syathtlic)  1  (Natural) 

SIX  SOUI^BALLS  OF  RUBBER  caught  in  the  act  of  bouncing  by  a 
camera  that  shoots  at  the  speed  of  1/6392  of  a  second.  All 
Wthrm  were  dropped  from  exactly  the  same  height. ..and  yet,  what 
difference  there  is!  One  of  the  balls  is  made  of  a  compound  containing 
in.'tnral  rubber.  Each  of  the  other  6ve  balls  contains  one  of  the  fire 
l  .iiajuT  types  of  synthetic  rubber. 


Can  yon  pick  out  which  of  the  balls  is  made  of  the  rubber  used  in 
making  Army  barrage  balloons?  Which  rubber  is  being  used  today  for 
making  tires  for  military  and  essential  civilian  cars?  Which  one  is  used 
for  bullet-sealing  gasoline  hose?  Which  for  insulating  tape?  Which  for 
making  lacquer  hose?  Try  your  skilL  You  will  find  the  answers  to  these 
•luestions  in  the  box  at  the  bottom  of  this  page. 


tisa  whole  family  of  new  materials  eeieh  with  its  own  important  uses 


won,  the  knowledge  we  are  gaining  every  day  througli 
the  use  of  all  these  synthetic  rubbers,  alonte  and  with 
natural  rubber,  will  make  peacetime  products . . .  whether 
tires  for  your  car,  belts  for  your  factory,  waterproof 
footwear  for  your  children,  or  gasoline  hose  for  your 
service  station... better  and  more  serviceable  than  they 
have  ever  been  before. 


ilgh.  One  bounces  low.  One  bounces  in  between.  Which 
)ne  is  best?  Actually,  there  is  no  (me  'Tyest  kind”  of 
r  for  every  purpose.  Without  all  of  these  main 
N(H  .s  of  synthetic  and  natural  rubber,  it  would  be 
injxt^.-ible  to  beat  our  enemies  and  bring  our  victorious 
nen  home  as  swiftly  as  possible. 

The  rubber  industry,  the  chemic^al  and  petroleiun 
iulu>trles,  the  Government,  working  as  a  team,  have 
nadc  this  achievement  possible.  By  p(K>ling  all  their 
\j>»  ricFire  with  synthetic  rubber,  their  resources,  their 
lilK  they  have  broken  the  threat  of  ^'rubber  shortage” 
ln‘  Axis  counted  on  to  throw  us  out  of  the  war.  More 
ban  that,  they  have  produced  types  of  synthetic  rubber 
!iat  can  do  special  jobs  better  than  they  have  ever  been 
before . . .  and  for  all  time  declared  our  independence 
from  any  future  cut-olT  of  the  nation^s  rubber  supply. 

That  is  the  true  meaning  of  the  synthetic  rubber  pro¬ 
gram.  We  are  proud  to  have  contributed  our  experience 
and  our  resources  to  doing  this  job... and  doing  it  in 
r.  lord -breaking,  history -making  time. 

^  hat  the  future  holds  for  synthetic  rubber  is  not  yet 
oillv  known.  Yet  this  much  is  certain.  When  the  war  is 

Lu(0i  to  United  Statet  KuUer  Company  program,  featuring  New  York-Phil- 
karnwnic  Symphony  Orcheetra,  Carl  Van  Doren,  and  a  gttntMtar,broadca»t  over 
Columbia  network  every  Sunday  afternoon  3:00  to  4:30  P.  M,  Eastern  War  Time 

1230  Sixth  Av»n«M  •  Reck*(«IUr  Cwitw  •  N«w  York  20,  N.  Y. 


THEY  MAY  LOOK  LIKE  **SIX  OF  A  KIND"  BUT  HERE  ARE 
THE  ANSWERS  TO  THE  WAR  JOBS  EACH  ONE  CAN  DO 


1.  This  bsll  was  made  with  4.  Used  for  making  bullet-seal- 
natural  rubber... todav  used  in  ing  fuel  hose  for  planes  and  for 
limited  quantities  in  combina-  other  uses  where  high  resistance 
tion  with  synthetics  because  of  to  aromatic  fuels  is  essential, 
our  small  reserve  stock. 

2.  Used  for  tires,  conveyor  5.  Used  for  coating  barrage 

belts,  fire  hose  and  many  other  balloons,  tank  linings,  packings, 

products.  It  is  most  like  natural  acid  hose,  wires  and  cables.  This 
rubber  and  can  be  quickly  and  type  does  not  support  combus- 
efficiently  processed.  tion  and  is  highly  resistant  to 

3.  Used  for  making  solvent  and  sunlight  and  chemicals, 

lacquer  hose  and  other  products 

where  the  utmost  resistance  to  6.  Used  for  insulating  tape, 

solvents  is  needed... better  than  molded  parts.  It  is  soft,  pliable 

natural  rubber  for  these  purposes.  and  odorless. 


THE  NATION’S  BIGGEST  STOCK  PILE  OF  RUBBER  IS  STILL  THE 
RUBBER  ON  OUR  CARS  AND  TRUCKS. ..CONSERVE  YOUR  TIRES! 

In  Canada:  Dominion  Rubbor  Company,  Lid. 
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Gibson  EtECTRic  Comprnv 


to  these  modulators  are  so  cLos^i 
that  the  sub-bands  may  be  tiSQA. 
posed  with  respect  to  each  other^ 
various  combinations. 

The  outputs  of  each  of  the  fo^ 
modulators  may  be  variously  c(^. 
nected  to  the  output  band  filters 
F„  Ft,  and  F„  as  shown  in  Fi  j.  i 
These  output  band  filters  have  ex;ict| 
the  same  cut-off  limits  as  indicate 
for  the  input  band  filters. 

By  shifting  the  connections  of  t|c 
modulators  to  output  filters  and  em* 
ploying  various  carrier  frequenciei, 
we  alter  our  different  combinatiou 
f  transposition  and  inversion  of  sub 
bands. 

TroMspositioa  ia  laad  Spliffiag 

Transposition  of  sub-bands  wifi 
and  without  frequency  inversion  ii 
shown  in  the  schematic  by  the  solid¬ 
line  connections  between  modulaton 
and  output  filters. 


CONTACTS 


MM  USED  IN  THE  EAMOUS 


Barker  &  Williamson,  mcmuiacturers  of  the  antenna  tuning 
imit  for  this  high-powered  mobile  transmitter,  chose  Gibsiloy 
"C"  for  the  switch  contacts.  These  contacts  of  Silver-Graphite 
carry  heavy  high  frequency  ciurrents  efficiently  and  dependably 
with  no  tendency  to  weld.  They  operate  smoothly  under  high 
sliding  pressiue  since  they  are  self-lubricating.  The  SCR-299, 
built  by  Hallicrafter  Company,  has  surpassed  greatest  expecta¬ 
tions  of  military  radio  men,  and  has  received  high  praise  from 
Commanding  Generals  in  several  fields  of  action. 


necessary 

carriers  are  provided  when  the  mod¬ 
ulator  switches  are  in  position  1. 

In  the  case  of  the  dotted-line  con¬ 
nections  and  the  carrier  switches  in 
position  2,  each  of  the  sub-bands  is 
inverted  as  well  as  displaced. 

With  reference  to  the  solid-line 
connections  and  the  carrier  switches 
in  position  1,  if  a  carrier  current  t 
is  supplied  to  M„  with  t'"'  ’t  fre¬ 
quencies  of  /  to  /  --  ^  yill  be 

produced  a  lower  a..  ui '  side¬ 
band,  namely  c—f  to  v  vZ+b)  and 
c-1-/  to  The  range  of  fr^ 

quencies  c+f  to  c-f/-f  6  is  the  orig¬ 
inal  band  /  to  f+b  raised  up  in  the 
spectrum  by  the  value  of  c,  and  cor¬ 
responds  to  the  sub-band  of  the 
original  voice  band  extending  from 
/-fb  to  /-f25.  This  range  of  fre¬ 
quencies  can  then  be  selected  by  filter 
F,  and  transmitted  to  the  output  cir¬ 
cuit  Lt.  The  action  of  modulators 
M,  and  M«  in  this  case  would  be  sim¬ 
ilar  to  that  of  Ml. 

The  original  voice  sub-band  f+ib 
to  /-I-46  from  filter  F«  is  displaced 
down  in  the  spectrum  to  a  position 
occupied  by  the  original  voice  sub¬ 
band  /  to  /-fb.  Here,  in  addition  to 
being  displaced,  the  frequency  orders 
of  the  speech  components  are  in¬ 
verted,  as  will  be  seen  by  the  follow¬ 
ing  action. 

With  input  frequencies  of  f-\-^b 
to  /-f4b  and  a  carrier  of  c-1-36  ap¬ 
plied  to  the  modulator  M«,  there  will 
appear  in  the  output  the  side-bands 
c-f3b-f/-f3b  to  c-f3b-l-/-f4b  and 
c-f3b-(/-f3b)  to  c-f3b-(/-l-4b). 

It  will  be  seen  that  the  lower  side- 


t361  Frankstewii  Ave.,  Pittsbargh  (21),  Pa. 


Military  requirements  demand  roof  prums  in  quantity  and  wide  ^ 
I  variety  .  .  .  The  Perkin-Elmer  Corporation  developed  the  method,^ 
Z  for  producing  these  most  accurate  of  all  manufactured  parts  in  . 

t'  quantity,  it  also  furnishes  more  types  of  this  prism  than  any  other 

k 

manufacturer  in  the  United  States. 


TNf  FiftKfN-ELMiJI  CORFOft^lUlOli 


WARD 
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ITS  SUBSTANTIAL 


A  Rheostat  is  a  piece  of  equipment  where  sub¬ 
stance  and  quality  spell  real  economy.  A  good 
Rheostat  properly  installed  and  used  will  outlast 
the  machine  it  controls.  It  is  wise  therefore  to 
use  the  best  Rheosut  obtainable. 


Ward  Leonard  Pressed  Steel 
Rheostats  are  built  on  that 


premise.  They  are  absolutely  smooth  in  opera¬ 
tion  due  to  proper  design  and  fine  machining. 
They  dissipate  heat  from  both  sides  keeping  tem¬ 
peratures  low.  Contacts  are  round  or  rectangular 
solid  metal  ground  for  perfect  fiL  These  are  but 
a  few  of  their  many  advantages. 

Ward  Leonard  Rheostats  are  made  in  a  wide 
range  of  sizes  in  single  and  multiple  mounting 
for  manual  or  motor  drive.  Bulletin  60  gives 
full  particulars.  Send  for  a  copy. 


1 1  jii  f ii  n 

1  i  1  ■  1  i  1  j 

Pressed  Steel  Rheostats  are 
made  its  4"  to  18",  Ring  types 
from  H"  to  4"  mcl. 


RELAYS  •  RESISTORS  •  RHEOSTATS 

Elecfrie  control  devices  since  1892, 


I  WARD  LEONARD  ELECTRIC  COMPANY,  32  SOUTH  STREET.  MOUNT  VERNON.  N.  Y. 

f  ELECTRONICS  —  October  194,3  275 


4  46  N  Grand  Ave.,  LANSING,  MICH.,  U  S  A, 


band,  c+36— (/+36)  to  c+36— 
(/+46),  is  an  inversion  of  the  orig¬ 
inal  input  frequencies  /-f-36  to  /-f  46 
which  now  occupy  the  position  of  the 
original  voice  sub-band  /  to  /-I-5. 

It  will  be  noted  in  the  arrangement 
of  this  apparatus  that  by  shifting 
the  connections  of  the  filters  and  car¬ 
riers  in  various  combinations  from 
time  to  time  in  such  a  manner  that 
corresponding  combinations  are 
simultaneously  employed  at  the  two 
terminals  of  a  receiving  circuit  at 
the  same  time,  it  will  be  extremely 
difficult  for  an  unauthorized  listener 
to  obtain  an  intelligible  message. 

Shifting  from  one  combination  or 
scheme  of  interrelation  to  another 
can  be  accomplished  by  switching 
relays  under  control  of  timing  cams 
associated  with  an  accurately  con¬ 
trolled  driving  means  to  provide  ad¬ 
ditional  secrecy. 

The  use  of  bilateral  modulators  al¬ 
lows  the  transmitted  and  received 
waves  to  pass  in  opposite  directions 
through  the  same  privacy  apparatus, 
to  produce  a  scrambled  message  for 
transmission  or  to  unscramble  a  mes¬ 
sage  from  a  received  secret  wave. 


for  Fast,  Accurate, 
Wide-Ranqz  Testing 


Test  aircraft  instruments,  radio 

r 

receivers,  transmitters,  bat¬ 
teries,  wire,  metals  and  various 
devices  over  a  wide  controlled 
temperature  range  with  the 
KOLD.HOLD  “Hi  -  Low”  ma- 
chine. 


j  Attenuatioo  with  Band  Splitting 

I 

j  Another  type  of  privacy  system 
I  proposed  is  an  arrangement  whereby 
I  the  speech  band  is  divided  into  a 
I  plurality  of  sub-bands,  as  by  filters 
I  F,  to  F,  of  Fig.  3.  Each  sub-band 
j  is  then  subjected  to  different  degrees 
of  attenuation  before  transmission 
instead  of  being  displaced  by  modu¬ 
lation.  Accordingly,  when  the  voice 
is  transmitted  it  will  be  so  distorted 
as  to  be  practically  unintelligible.  To 
restore  the  voice  to  normal  at  the 
receiving  station,  the  sub-bands  of 
the  voice  are  again  subjected  to  un¬ 
equal  degrees  of  attenuation,  so  that 
all  of  the  sub-bands  will  be  attenu¬ 
ated  to  the  same  degree  and  the  dis¬ 
tortion  removed. 


An  unusually  large  working 
space,  combined  with  a  wide 
Thermopane  paneled  door,  of¬ 
fers  maximum  workability  and 
visibility.  Optional  door  and 
hand  hole  arrangements  avail¬ 
able. 


KOLD-HOLD  engineers  are 
ready  and  willing  to  show  you 
how  to  use  the  “Hi-Low”  ma¬ 
chine  to  best  advantage  in 
meeting  today’s  demand  for 
speed  in  production  at  no  sac¬ 
rifice  in  precision.  Send  for 
complete  details,  now. 


Phase  Shift  with  Band  Splitting 

Still  another  arrangement  for 
secret  telephony  is  to  alter  the  order 
of  occurrence  of  the  various  fre¬ 
quency  components  of  speech.  Briefly, 
this  is  accomplished  by  taking  the 
subdivided  waves,  as  from  filters 
Fi  to  F*  of  Fig.  3,  and  producing  a 
phase  or  time  shift  in  some  of  the 
sub-bands  with  respect  to  others  be¬ 
fore  transmission.  This  phase  shift 
is  produced  by  the  use  of  a  storage 
device  such  as  the  telegraphone.  The 
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EOS  ANGELES 
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Rare  Gases  and  Mixturti 


Airco  Rare  Ga^  are  pure  and  free 
of  active  gases.  Ifhctures  are  blende  1 
uniformly  and  heeurately.  They  are 
available  in  Idad,  |  glass  or  pyrtx 
containers. 

The  individual  ^nses  as  well  as 
many  stanelard  mixtures  are  avaii- 
able  both  for  production  and  ex- 
perimental  usV/^jx'cial  mixtur>  s 
can  be  supplip®|i|;meet  any  need. 


ARGOJj 

NEON' 

HELIUM 

XENON 


roB 
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IN  ACTION,  Atlas  Sound  Equipment  is 
real  stand-by  .  .  .  tested,  proven,  d 
pendable.  In  all  weather,  under  advti 
condltiona.  Atlas  Sound  instruments  p 
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/  HE  demand  for  compactness,  particularly  today 
in  aircraft  and  other  mechanized  weapons,  often 
creates  problems  involving  curves  in  remote  control 
and  lighf  power  transmission.  These  curves  need  not 
cause  impulse  "slow-downs"  if  Walker-Turner  Flex- 
ible  Shafting  is  used.  Manufacturers  of  automotive, 
aviation,  electrical .  and  radio  eguipment  find  the 
solution  in  this  flexible  shafting  because  it  has  been 
thoroughly  job-tested  in  thousands  of  Walker-Turner 
Flexible  Shaft  Machines.  In  solving  these  manufac¬ 
turers’  countless  intricate  flexible  shafting  problems, 
we  have  gained  the  "know  how"  to  help  you.  Just 
let  us  have  an  outline  of  your  requirements. 


WALKER-TURNER  COMPANY,  INC. 
14103  Berckman  Street,  Plainfield,  N.  J. 


FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


various  sub-bands  are  then  rt  con. 
bined  and  transmitted,  or  they  mar 
first  be  shifted  to  a  different  fr^ 
quency  level  and  then  transmitted. 
At  the  receiving  end  employing  this 
system,  the  various  sub-band.^-  are 
again  separated  by  filters,  and  such  a 
phase  shift  is  made  in  the  individual 
sub-bands  as  is  necessary  to  repro¬ 
duce  the  normal  speech  waves. 


MEC-O-METER 


INSULATION  TESTER 


RESISTANCE  METER 


0-20,000  OHMS 
0-2  MEGOHMS 
0—200  MEGOHMS 


Varioble  Invertiag  Frequency 

Still  another  arrangement  is  one 
that  the  writer  built  and  patented  in 
1939*  In  this 


•  Instantly  Indicates  the  Exact  Leakage  of  All  Insulation  from  Zero  up  to 

200  MEGOHMS 

FEATURES: 

if  NO  HAND  CRANKING 
if  DIRECT  READING 


AT  A  TEST 
POTENTIAL  OF 


arrangement,  the 
speech  was  scrambled  as  in  the  proc¬ 
ess  of  Fig.  3.  Then,  to  destroy  the 
limits  or  boundaries  between  the 
plurality  of  sub-bands,  the  combined 
frequency  bands  were  inverted  by  a 
modulator  in  which  the  invertinp 
frequency  was  caused  to  vary  cyclic¬ 
ally  in  an  irregular  manner.  The 
var3ring  inverting  frequency,  com¬ 
bined  with  a  complex  scheme  of  vari¬ 
ation,  provided  a  high  degree  of  .se¬ 
crecy.  It  can  be  seen  that  in  accord¬ 
ance  with  such  a  principle,  it  would 
be  practically  impossible  for  an  un¬ 
authorized  listener  to  separate  the 
individual  sub-bands  .as  their  fre¬ 
quency  limits  would 


Um  500  Volt  Potential  ia  made  inatantly  available  by  cimply 
throwing  the  toggle  twitch. 

all  calibrations  printed  in  large,  easyto-read  type.  In 
addition,  the  Megohm  Scale  it  tubdivided  into  BAD, 
DOUBTFUL  and  GOOD  tectiona.  The  BAD  tection  is 
printed  in  red. 

if  PANEL  is  of  solid  Bokolito  ongrovod  by  new  "cut-in"  process. 

METER  MOVEMENT  *  large' 454"  0  to  200  Microampere  sensitive  meter  guar- 

^  antees  extremely  accurate  reading  on  ail  ranges. 

Model  6I0B  comes  housed  in  e  beautiful,  hand-rubbed  Oak  cabinet. 

Complete  with  cover  self-contained  battery,  test  leads  and  instruc¬ 
tions.  Sizes:  t'/t"  i  Si/t”  z  6".  Shipping  weight  16  pounds. 

PricG . $62.50 

SUPERIOR  INSTRUMENT  COMPANY 

Dept.  M,  227  Fulton  Street,  New  York  7,  N.  Y. 


He  holds  IM 
for  he  da 

He’s  the  Qi 
his  place 

He  joins  no] 
nor  whisi 

But  he’s  flo 
who  ever 


never  remain 
fixed  in  the  spectrum.  To  separate 
the  individual  sub-bands  it  would  be 
necessary  to  know  the  inverting  fre¬ 
quency  at  any  instant  and  the  com¬ 
plex  manner  in  which  it  varied. 

Let  us  assume  that  the  inverting 
frequency  varies  cyclically  in  any  d^ 
sired  manner  between  the  limits  r 
and  c+d,  where  d  varies  between 
zero  and  a  predetermined  limiting 
value.  If  the  speech  frequency  band 
as  a  whole,  such  as  from  L.  of  Fig.  8. 
is  represented  by  8  and  if  the  invert¬ 
ing  frequency  is  modulated  by  these 
speech  frequency  currents,  the  r^ 
suiting  components  will  be  of  fre¬ 
quencies  c-l-d— s  and  c-f-d-l-.'?.  The 
lower  side-band  c+d—s  would  be  the 
one  selected  for  transmission. 

The  receiving  station  cooperating 
with  such  a  system  would  use  sub¬ 
stantially  the  identical  mean.s  used 
for  transmitting  but  in  reverse. 

•  U.  S.  patent  Xo.  2.301.4.>n 


He’s  an  ol 
in  a  you 

For  he  cir 
with  Pa 

He’s  an  A 
and  he  f 

And  the  Y 
of  pilots 


used  Resistors  or*  favored 


'  bacausa  of  thair  noisalau  oparation 
and  durability  and  bacausa  thay  retain 
thair  valuas  and  charactaristies  undar 
aztramas  of  tamparatura,  humidity  and 
climatic  changes. 

STANDARD  RANGE 

1000  ohms  to  10  mogohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in 
the  Standard  Range  are  supplied  with 
each  resistor  noise  tasted  to  ^a  follow¬ 
ing  standard:  "For  the  eoaplata  oadio 
frwqaaacy  raaga,  resistors  shall  have 
lass  Boisa  thas  corrasponds  to  a 
ehaaga  of  rasistaaea  of  1  part  in 
1,000,000." 

HIGH  VALUES 

15  mogohms  to  1,000,000  mog¬ 
ohms. 


ISTOB  BULLETI*  3T 
ES  FULL  details..* 

y.  .7.  for  it— fod-y* 


DAILY  five-minute  war  new? 
broadcasts  are  piped  into  the  Bo.ston 
Navy  Yard  from  the  newsroom  of 
station  WBZ,  Boston,  and  broadcast 
directly  to  the  workers  through 
strategically  located  loudspeakers. 


The  S.  S.  White  Dental  Miq.  Co. 

INDUSTRIAL  DIVISION 

Department  R,  10  East  40th  St..  New  York  16.  N.  Y. 
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Song  of  Elmer . . . 
the  pilot  who  never  gets  tired 


He  holds  no  place  in  the  Officer’s  Mess 
for  he  does  not  sleep  or  eat, 

He’s  the  Quietest  Birdman  ever  took 
his  place  in  a  cockpit  seat  — 

He  joins  no  laughter,  nor  shoots  the  breeze, 
nor  whistles,  nor  hums,  nor  sings. 

But  he’s  flown  more  planes  than  any  man 
who  ever  wore  pilot’s  wings . . . 

. .  .  has  Elmer! 


And  the  bomb-bay  doors  are  opened  wide, 
and  the  gunners  man  the  guns. 

When  the  flak  comes  up  as  the  bombs 
go  down,  and  the  target  zone  is  clear. 

Then  who  is  the  pilot  who  holds  the  course 
set  by  the  bombardier . . .  ? 

IVs  Elmer! 


He’s  an  old,  old  hand,  as  old  hands  go 
in  a  young  man’s  game  today. 

For  he  circled  the  globe  in  ’Thirty-three 
with  Post  in  the  Winnie  Mae— 

He’s  an  Army  man,  he’s  a  Navy  man, 
and  he  flies  with  the  R.A.F., 

And  the  Yankees  say,  and  the  British  say 
of  pilots,  he’s  the  best . . . 

...is  Elmer! 


He  can  hold  a  plane  on  a  chosen  course 
while  the  crewmen  rest  or  sleep. 

He  can  level  off  for  a  landing  glide, 
or  bank  her  sharp  and  steep— 

He  can  spiral  up,  he  can  spiral  down, 
or  hold  her  level  and  true— 

His  hydraulic  muscles  never  tire 
the  way  human  muscles  do . . . 

. . .  not  Elmer's! 


And  so  bombing,  transport,  and  cargo 
planes,  take  Elmer  on  every  flight 

Often  when  bombers  have  levelled  off  To  spare  the  pilot  and  rest  the  crew 
for  the  last  tense  bombing  runs,  for  emergency,  storm,  or  fight — 
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He  needs  no  rest,  for  he  never  gets  tired, 
being  only  a  cold  machine. 

Just  wheels  and  wrires  and  gears  and  cogs, 
with  brackets  and  stuff  between . . . 

...  is  Elmer! 


He  wears  no  medals,  he  holds  no  rank. 
Why  should  he?  He  cannot  feel 

The  courage  that  flares  in  time  of  need 
for  he’s  only  alloy  and  steel ! 

So  when  nerve  is  needed,  the  bombardier, 
the  pilots,  the  gimners,  too. 

The  navigator,  and  all  the  rest, 
are  the  boys  who  pull  her  through . , . 

. . .  NOT  Elmer! 


SPERRY 

GYROSCOPE  COMPANY,  INC. 

is  proud  to  be  manufacturing  the 
famous  Sperry  Gyropilot  for  the 
Armed  Forces  of  the  United 
Nations. 


Brooklyn,  N.  Y. 
Division  of  Sperry  Corporation 


•  Reprints  of  this  poem  —  suitable  for 
framing,  with  signature  removed  — may 
be  obtained  without  charge  by  writing 
the  Sperry  Gyroscope  Company. 
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NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  hulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  be  found  here 


Characteristics  776-01+  776-02 


Weight  of  Motor  12.0ounces  12  5 ounces  12.0  ounces 

Weight  of  Rotor  0. 53  ounces  0. 42 ounces  0.42  ounces 

Length— OTer-nll  2.750in.  2.750in.  2.750in. 

Dinm.— max.  outside  2. 750  in.  2.750  in.  2. 750  in. 

*  Running— no  load. 

1 776-OlRienal  Corps  No.  Mo-27. 


Frequency 

400  eyelee 

60  cycles 

400  cycles 

Voltage 

e  Phase  !• 

24  volte 

100  volte 

125  volts 

r  Pha8e2 

35  volte 

100  volte 

Number  of  Poles 

6 

2 

6 

Average  Impedance* 

PhaM  1— <)hms 

48  Ohms 

1470  Ohms 

1250  Ohms 

Phvse  2 

145  Ohms 

1590  Ohms 

1620  Ohms 

Current — Amperes* 

Phase  1 

0.50  amps 

0. 068  amps  0.  lOOamps 

Phase  2 

0.24  ampe  0.063  amps  0.068  amps 

Speed — no  load 

5700  RPM 

3000  RPM 

5500  RPM 

Torque — staUed 

0. 70  in/oi.  0 . 50  in  /oa. 

0.50in/os. 

Stopping  time 

1.35  sec. 

0.2  sec. 

0.6  sec. 

Reversing  Time 

0.3  sec. 

0. 12  sec. 

0. 15  sec. 

Temperature  Rise 

50’ C 

43°  C 

40°C 

from  super-sensitive  primary  at  tuat. 
ing  elements  of  various  type  . 
furnishes  the  power  necessar;  for 
actuation  of  power  operating!  ele¬ 
ments,  slower-acting  primary  ccntrol 
elements.  Output  circuits  at  com¬ 
modate  the  alternate  energizing  of 
loads  within  the  range  of  the  ir.stru. 
ment  (blower  fans,  valve  control, 
heating  elements,  etc.)  which  ir  ybe 
connected  to  it. 

Advantages  claimed  for  the  unit 
are  its  high-speed  operation  arid  its 
immediate  response  to  sensitive  actu¬ 
ation.  One  of  the  two  output  circuits 
is  always  energized  but  both  cannot 
be  energized  simultaneously  with 
contactor-type  actuating  devices  The 
dual  circuit  output  energizing  sys¬ 
tem  is  especially  suitable  for  the 
control  of  proportioning  or  position¬ 
ing  control  elements  such  as  valves 
operating  from  reversible  motor 
drives.  Since  one  or  the  other  cir¬ 
cuit  must  be  in  operation  at  any 
given  instant,  the  valve  will  be  con¬ 
stantly  reset  to  the  desired  position 
in  exact  response  to  the  performance 
of  the  primary  sensitive  element 
which  is  actuating  the  Flashtron 
unit. 

While  the  Flashtron  cannot  com¬ 
pensate  or  correct  for  lag  in  any  of 
the  oth.er  control  elements  in  the 
systenT  in  which  it  is  used,  the  manu¬ 
facturer  states  it  does  not  in  any  way 
limit  the  full  utilization  of  the  per¬ 
formance  of  any  of  these  other  ele¬ 
ments.  The  unit  is  lightweight,  meas¬ 
ures  Il§x7jx3§  inches,  and  comes 
housed  in  an  all-steel  box  with  provi¬ 
sion  for  connecting  it  to  a  115-voh 
60  cps  a-c  line,  the  actuating  circuit 
and  two  control  sections. 

Thordarson  Electric  Mfg.  Co.,  50*1 
West  Huron  St.,  Chicago,  Ill. 

Direct-Reading 
Frequency  Meter 

Illustrated  is  a  frequency  meter 
which  retains  an  accuray  of  2  per¬ 
cent  over  the  entire  range  of  50,000 
cycles.  It  will  drive  a  recorder  with¬ 
out  the  use  of  auxiliary  amplifiers. 
An  overload  cutout  protects  the  re¬ 
corder  from  damage.  The  instru¬ 
ment  is  also  suitable  for  use  as  a 
laboratory  test  instrument,  for  test¬ 
ing  quartz  crystals,  for  use  in  a  wow 
meter  for  phonograph  motors,  and 
for  experimental  work  as  the  base  of 
a  frequency  modulation  indicator. 
When  combined  with  a  phototube,  a 
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pilot  relwf,  window  chonnob,  rwehonicol  rubbor 
goods.  Uowest  Temptnitura.) 

FT-t  1 :  To  facilitate  circuit  and  wire  code  identificotion,  sealing  cable  ends, 
conduit,  sheath.  (Transparency,  Low  Temperature,  and  Good  Dielectric.) 
FT-22:  Sheath,  sleeving  insulation,  communicotions  and  mechanical  rubber 
goods.  (Highly  Versatile.) 

FT-33:  Transformer,  communications  and  electrical  manufoctwrirtg.  (Baking 
and  Saldering  Temperatures.) 

Sizes;  From  B.&S.  ^24  (.021'  I.D.)  to  2.000”  I.D.— Special  sizes  on  request. 

Write  for  Complete  Test  Methods  and  Data  — Samples 


INDUSTRIAL  SYNTHETICS  CORPORATION 

- -  -  1..-.  rods  •  tubes  •  shapes  "  .  '  ■■  . . . 

60  WOOLSEY  STREET,  IRVINGTON,  NEW  JERSEY 
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RIGID  to  FLEXIBLE  •  RODS  •  TUBES  •  SHAPES 


F.  W.  STEWART  MFC.  COUP 

4311-13  RAVENSWOOD  AVE.  CHICAGO  tU 


light  source  and  amplifier,  the  in¬ 
strument  can  be  used  as  a  speed  indi¬ 
cator  to  read  speeds  difficult  to  deter¬ 
mine,  such  as  are  encountered  with 
ultra-speed  centrifuges. 

Maximum  frequency  is  50,000  cy¬ 
cles  in  ranges  of  0-100;  0-600; 
0-1000;  0-6000;  0-10,000;  and  0-50,- 
000.  Each  frequency  range  can  be 
individually  adjusted  for  maximum 
accuracy.  The  frequency  is  indicated 
directly  on  a  front  panel,  or  on  a  sep¬ 
arate  recorder.  The  meter  has  an  in- 


FLEXIBLE  SIAFTS 
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dalty.  Faithful.  def.ijBi). 
able  power  dziTet  oi 
remote  control  in  oh- 
planes,  tanks,  sirnid 
corps  radio,  and  trtjuf 
other  war  and  oom.ner. 
dal  products.  SLcdw 
mode  to  your  speciaca. 
tions.  Our  engineerisq 
department  will  woik 
out  your  porticulai 
power  problem  withoM 
obligation. 


CAN  GIVE  YOU  THE 
RECORDING  BLANKS 
YOU  REQUIRE 


put  impedance  of  100,000  ohms  or 
over.  It  will  measure  frequency  re¬ 
gardless  of  input  signal  voltage  vari¬ 
ations  between  i  and  200  volts.  Sta¬ 
bility  is  maintained  with  line  voltage 
variations  between  105  and  125  volts. 
The  meter  does  not  use  d-c  amplifiers. 
It  is  available  for  either  relay  rack 
or  cabinet  mounting. 

Industrial  Electronics  Div.,  North 
American  Philips  Co.,  Inc.,  419 
Fourth  Ave.,  New  York,  N.  Y. 


Insulation  Breakdown 
Testing  Instruments 

All-purpose  insltlation  breakdown 
testing  instruments  known  as  “Hy- 
pot”  are  available  in  standard  models 
(No.  406,  407,  408,  409,  410),  as  well 
as  in  special  designs.  The  instru¬ 
ments  are  mounted  on  rubber  tires 
and  have  handles  at  the  back  for 
easy  portability.  Features  given  for 
these  instruments  include  ample  ca¬ 
pacity  for  all  testing;  easy  control 
from  zero  to  maximum  voltage  which 
is  indicated  on  the  scale  of  a  large 
open-scale  meter;  full  500-ma  capac¬ 
ity  to  meet  AIEE  specifications;  a 
li  kva  transformer  on  standard  mod¬ 
els,  and  a  3  kva  transformer  on 
models  having  a  “burn”  test;  com¬ 
pletely  self-contained  and  arranged 
for  convenience.  Form  No.  A9-743- 
2M  describes  these  testers  in  detail 
and  is  available  from  the  manufac¬ 
turer,  Associated  Research,  Inc.,  231 
South  Green  St.,  Chicago  7,  Ill. 


POST-WAR 

SALES 


iHH  expedHt  deRveries. 


It  took  W.P.I.  roguUtton*  OMd  rMtrictiMi 
to  ttimuUto  tho  invontivo  goniui  of  nwi 
doiign  onginoort.  Many  "datod"  predNb 
hava  baan  modarniMd,  by  ating  porctUk 
In  placa  of  critical  matalt  and  prioriti 
plartict.  Call  in  a  UnivarMi  porctldi 
anginaar  to  halp  you  radatign  your  prod¬ 
uct  to  modarn  standards.  Gain  tba  ad*» 
tagas  of  hlfh  dialactric  strangtfc,  nen-ca- 
bonizing,  acid,  corrosion  and  tbarmal  sksd 
rasistanca,  now  baauty  and  color.  Univorui 
C.Q.  is  tha  automatic,  controllad  qudHi 
manufacturing  mathod  and  skill  of  produc¬ 
ing  dry  procass  porcalain.  Wkat  s  you’ 
convorsion  problom? 


CLAY  PRODUCTS  CO. 

1535  EAST  FIRST  ST.  SANDUSKY,  OHlC 
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tribute  to  AMERICA'S  RADIO  I  N  D  U  S  T  R  Y  .  .  .  W  O  R  K  I  N  G  TOGETHER  FOR  VICTORY 


. . . .  Radio  Brings  Them 
the  Sidewaiks  of  Home 


Sure  enough,  that’s  a  New  York  announcer 
giving  the  football  scores!  And  there’s  no  mis¬ 
taking  that  hot  music— it’s  a  famous  Chicago 
“name”  band.  And  that  comedian  from  Holly¬ 
wood — why,  he’s  the  same  zany  who  kept  them 
in  stitches  every  week  back  home. 

American  radio  manufacturers  have  sup¬ 
plied  sturdy  little  short-wave  sets  that  bring 
America  to  any  part  of  the  globe.  And  that’s 
been  a  big  factor  in  the  sky-high  morale  of  our 
fighting  men  overseas. 

Every  day,  U.  S.  radio  manufacturers  are 
making  huge  deliveries  of  military  radio  equip¬ 
ment  to  speed  the  day  of  victory.  Their  war 
experience,  added  to  their  manufacturing  skill, 
is  effecting  technical  advances  that  will  be  im¬ 
portant  to  peacetime  production. 

Your  purchase  of  War  Bonds  will  help  supply 
American  fighting  men  with  the  world's  finest 
equipment. 


SQENCE  SMASHES  AT  THE  AXIS  in  RCA  Labora¬ 
tories,  working  unceasingly  in  radio-electronic 
research.  Proud  of  the  privilege  of  serving 
America’s  great  radio  industry  in  its  united 
war  against  the  Axis,  RCA  will  continue  to 
make  the  fruits  of  its  basic  research  available 
to  American  makers  of  radio  equipment.  This 
will  help  American  manufacturers  to  provide 
finer  radio-electronic  products  and  services  to 
a  world  at  peace. 


»  *'  ft  ^ 


..  .•n  VHC  WORLD 

:^tL  AROO*»® 


RCA  Laboratories  'S' 


A  SERVICE  OF  RADIO  CORPORATION  OF  AMERICA 
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In  fact,  a 


lat  new 


tubing,  protected  by  a  high-ir-; 
ance  insulating  varnish  for  high 
electric  strength  and  maxin 
safety  from  external  flashover. 
manufacturer  states  the  tapaci 
will  give  dependable  operation 
long  service  life  at  rated  vol 
and  ambient  temperatures  up  to 
deg.  C.  The  terminals  are  two  p 
cast-aluminum  end  caps  with 
lite-treated  cork  gaskets,  which 
locked  in  to  provide  leak-proof 
metic  sealing.  Caps  are  aval! 
with  mounting  feet  for  spac 
assemblies  in  series,  parallel 
series-parallel  arrangements.  ^ 
obtainable  with  plain  end  caps. 

Aerovox  Corp.,  New  Hf- 
Mass. 
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Type  ’26  high-voltage  capju  itor»: 
for  use  in  x-ray,  impulse  gonera 
and  other  intermittent  d-c  or  otio 
ous  a-c  high-voltage  applica*' 
such  as  indoor  carrier-coupler 
pacitors,  test  equipment  and  s]„ 
laboratory  work.  The  capacitors 
oil-impregnated,  oil-filled  with  H 
vegetable  oil  and  are  built  with 
sulated  and  matched  sections  of 
form  capacitance,  connected  in  s>! 
Equal  voltage  stresses  are  n 
tained  for  all  sections  with  a  unif 
voltage  gradient  throughout 
length  of  each  capacitor.  A1  ;rn 
foil  with  a  number  of  tab  co  nh 
provides  high  conductivity  with  ] 
inductive  reactance.  Capacitor  j 
tions  are  dried  and  impregnated  (j 
der  high  vacuum  in  a  closely  i 
trolled  long  cycle)  to  eliminate  \ 
and  also  provide  for  high  insuL 
values  and  lower  losses. 

The  case  is  of  laminated  l  ak 


High-Voltage 
Tubular  Capacitors 


THE  EKVIIHIII  rn\lP/\^Y 


225  UEKT  ERIE  STIIEFI 


AND  LOTS  OF  IT 

■  'A 


★ 

Transformers 
for  Combat 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 

CALEDONIA,  N.  Y. 


Tke  morning  after  Victory#  •• 


Today  we  think  only  in  terms  of  planes 
and  tanks  and  skips  and  ^uns,  kut  when 
Victor^'  comes... wkat  then? 

Will  you  ke  prepared  to  turn  from  tke 
tools  of  war  to  tke  tools  of  peace  ?  Your 
eni^ineerin^  problems  will  prove  simpler 
if  you  call  in  ERWOOD’S  extensive 
experience  to  your  aid. 


Foote 

-Ml.  mineral  company 


Harbor,  perfectinj?  a  process  for 


radio  or  electronics  applicati«>ii>. 


/h  Z/fefi/s/i/ya/ O/vs 
''  C^em/<w/s  ^ 
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PHILADELPHIA  •  ASBESTOS  •  EXTON,  PENNSYLVANIA 
Horn.  Offices  1617  SUMMER  STREET,  PHILADELPHIA,  PA. 
Coast  Raprestnfatfva;  GRIFFtN  CHEMICAL  CO.,  San  Francisco,  California 
English  Raprasanfafive:  ERNESl  B.  WESTMAN,  LTO,.  London  England 
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As  SPECIALISTS  in  the 
Accurately  Drawn  Seamless 
Tubing  field  we  are  offer¬ 
ing  quick  deliveries  of  tub¬ 
ing  to  your  exact  require¬ 
ments.  Cut,  formed  and 
finished  to  extremely  close 
tolerances.  Random  or 
exact  lengths.  Sizes  range 
frotn  .010"  O.D.to  y2"  O.  D. 
with  any  wall  thickness. 

Write,  wire  or  phone 
at  once  regarding 
your  tubing  problems. 


PRECISION  TUBE  COMPANY 

3828TERRACE  STREET(ZONE  28) 
PHILADELPHIA,  PA. 

SAlfS  DePARTMfNT; 

215  05  27th  AVENUE,  BAYSIDE,  I  I..  N  Y. 


Lightwei^t  Rdlay  lor  Aircraft 

The  manufactuser  of  these  relays 
(desisrnated  as  “Bantam”)  states 
their  characteristics  sls  being  power¬ 
ful,  sensitive  and  lightweight.  They 
are  for  use  in  aircraft  instruments 
and  come  in  one  to  six  pole  construc¬ 
tion.  The  relays  are  available  in 
either  standard  front-connected, 
screw  terminal,  solder  lug,  eyelet,  or 
switchboard  mounting.  The  coil  and 
shading  pole  assembly  are  one  unit 
and  can  be  replaced  without  special 
tools.  If  desired,  the  relays  can  be 
treated  to  preserve  them  from  trop¬ 
ical  humidity. 

-  A  bulletin  containing  technical 
data  is  available  from  Kurman  Elec¬ 
tric  Co.,  Dept.  A  E,  30-30  Northern 
Blvd.,  Long  Island  City,  N.  Y. 


Densitometer  for  Measuring 
Transparent  Materials 

Densitometer  Series  D90,  is  a 
photoelectric  system  for  accurate 
measurement  and  control  of  the 
density  of  transparent  films,  filters, 
plastics,  gases  and  liquids.  The  sys¬ 
tem  was  developed  originally  for  use 
in  the  manufacture  of  extremely 
dense  optical  filters  to  maintain  ac¬ 
curate  control  of  transparency  dur¬ 
ing  large  quantity  runs,  but  it  may 
also  be  used  for  constant  density  con¬ 
trol  of  films  and  plastics,  for  turbid¬ 
ity  control  of  liquids  in  a  variety  of 


processes  such  as  the  manufacture  of 
aluminum,  and  for  turbidity  control 
of  gases,  as  in  the  examination  of 
fiue  gases. 

The  densitometer  projects  two 
beams  of  light  from  a  single  light 
source.  One  beam  passes  through 
any  standard  filter ;  the  other, 
through  the  filter  or  liquid  the  trans¬ 
parency  of  which  is  to  be  measured. 
The  two  light  beams  are  then  pro¬ 
jected  by  an  optical  system  to  a  sin¬ 
gle  phototube.  By  means  of  an  elec¬ 
tronic  and  mechanical  timing  system, 
the  instrument  constantly  measures 
the  ratio  of  transparency  of  the  sam¬ 
ple  as  compared  with  the  standard 


RADIO  and 

ELECTRONICi 
PARTS 


•Yes  sir.  in  this  big 
catalog  listing  on  out¬ 
standing  selection  of 
items  which  DALIS 
carries  in  stock  —  or 
''go-gets“  in  a  hurry 
— you  con  locate  the 
very  parts  you  need. 

Try  DALIS  with  those 
priority  requirements 
—  the  dependable 
source  of  supply  since 
1925,  and  the  indis- 
pensoble  source  today 
in  getting  hord-to-get 
radio  and  electronic 
parts  and  supplies 
PROMPTLY. 

•  Write  on  business 
stationery  for  your 
copy  of  our  gianf 
catalog  and  encyclo¬ 
pedia,  FREE. 


H.  L.  DALIS,  Inc. 

Distributors  of 

RADIO  &  ELECTRONIC  SUPPLIES 
17  Union  Square  •  New  York,  N.  T. 

Phones:  ALgonquin  ■4-l>IJ2-)~l-S-6-7 


■■■■■  SERVICE 
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Copper 

Sulphide 


METALLIC 

RECTIFIERS 


Of 

Selenium 


NGINEERS  are  finding  new  ways  to  do 
old  jobs  — more  practical  ways  to  do 
new  jobs  — as  they  discover  more  and  more 
applications  for  Metallic  Rectifiers.  Jobs 
once  thought  impractical  or  impossible  are 
now  every-day  occurances.  The  Rectifier 
has  worked  its  magic  in  painting  out  the 
simple,  economical,  efficient  way. 

Our  Engineers  want  to  help  you  develop 


modern  Rectifier  applications.  Tell  us  your 
problems  involving  Metallic  Rectifiers,  D.C. 
Power  Supplies,  and  conversion  assemblies. 
We  shall  be  happy  to  work  with  you— with¬ 
out  obligation. 

Write  today  on  your  business  letterhead 
for  Bulletin  60  giving  full  details  on  B-L 
Metallic  Rectifiers. 


1  :■  1 

the  BENWOOD  LINZE  company  •  ST.  LOUIS,  MO. 


rROM 


D«*ign«r«  and  monufoctwrcrs  of  Copper  Sulphide  and  Selenium  Recliliers, 
Battery  Chargers,  and  O.C.  Power  Supplies  for  practically  every  requirement. 


KONICS 
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BUD  PRECISION  CONDENSERS 


In  the  crucible  of  war,  BUD 
condensers  and  other  preci¬ 
sion  parts  have  proven  them¬ 
selves  dependable  and  accu¬ 
rate  under  all  conditions. 
That  is  why  the  BUD  parts 
you  buy  after  the  war  w'ill 
serve  you  even  better  than 
ever  before. 


niter.  Measurements  are  .iccur! 
and  completely  independent  of  c 
cult  constants,  supply  volt,  ge  j 
other  ambient  conditions. 
tions  of  ±  10  volts  from  standa 
have  no  effect  on  readings.  Ser 
D90  measures  materials  up  lo 
ity  6. 

Photoswitch  Inc.,  21  Chestnut  S 
Cambridge,  Mass. 


Tandem  Rheostat 
Assemblies 

The  tandem  unit  illustrated  co 
sists  of  eight  Model  U,  1000-w^ 
12-inch  diameter  rheostats  mouDti 
in  a  steel  frame.  It  is  controlled] 
a  single  hand  wheel.  Other  tandi 
assemblies  can  be  made  up  of 
three  or  more,  rheostats  ranging 
power  rating  from  25  watts  to  19 
watts  and  in  diameter  from  I 
inches  to  12  inches.  Rheostats 
tandem  are  insulated  from  each  ott 
so  that  they  may  be  used  for  siir 
taneous  control  of  several  circuits 


BUD  RADIO,  INC. 

CLEVELAND.  OHIO 


approved 


ENAMELED 
MAGNET  WIRE 

*  Much  of  tho  success  of 
this  Hudson  Wire  product  is  due 
to  a  new  coating  method  that  gives  a 
smooth,  permanently-adharent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  ungltfring  and  design  facllltlat  ore  at  yoer 
dltpotaf — datallt  and  quotation  on  regeest. 

D$0N  WIRE  COMPART 


wiM/mk 

CONNECTICUT 


WINSTEO 


phases  of  a  circuit  by  means  of 
knob. 

Two  rheostats  can  be  separv 
controlled  by  means  of  concentri  c 
located  knobs  to  conserve  panel  .'P 
or  where  it  may  be  desired  to  use 
rheostat  as  a  vernier  for  another, 
this  type  of  unit  two  rheostats  j 
mounted  in  tandem  with  the  shaft 
the  rear  unit  extending  through 
hollow  shaft  of  the  front  unit.  F 
increased  capacity,  the  front  or  ^ 
units  can  consist  of  several  rh*  >  * 
connected  together.  Tandem  it 
stats  are  also  available  in  taper  wi; 
ings  and  the  same  range  of  ir 
tance  values  as  individual  units. 

For  details  write  Ohmite  Mfg.  C 
4835  Flournoy  St.,  Chicago  44,  IlL 


INSTEAD  OF  levelling  off, 
electronic  equipment  industry  r 
meet  war  production  quotas  30  to 
percent  greater  for  1944  than  for 
present  year,  according  to  the  'F 
Radio  Division. 
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Here's  news  for  men  in 
radio  and  electronics — 


JUST 


rated  « 
10'  >0-wa 

s  mount 
itrolled 
er  tandi 
jp  of  ti 
•anging 
its  to  Ifi 
from  1 
eostats 
each  otL 
for  siir. 
circuit? 


OUT/ 


More  than  1,000  pages,  6x9 
profusely  illustrated 
$6.00 

SMe  Featires  of  the  Haidbook 

Tke  fonaulM  and  cunrea  on  akin  effect,  induc¬ 
tance,  mutual  inductance,  and  capacity  represent 
tke  most  complete  collections  erer  presented  in 
ooc  place.  The  same  is  true  of  the  transmission- 
line  equations,  the  formulas  for  field  patterns 
and  radiation  resistance  of  antennas,  the  treat¬ 
ment  of  ground-waye  and  ultra-high-frequency 
propagation. 

Network  theory  is  coyered  in  a  straightforward 
and  comprehensiye  way  that  will  help  widen  the 
understanding  of  such  matters  as  Footer’s  re¬ 
actance  theorem,  attenuation  and  phase  equaliz¬ 
ers,  lattice  and  ladder  filters  of  yarious  types, 
impedance  matching  and  insertion  loss,  the  re¬ 
lation  between  attenuation  and  phase  shift,  etc. 
Tke  treatment  of  electron  optics  is  noteworthy 
in  that  it  is  the  first  summary  of  the  subject 
that  has  appeared  in  handbook  form,  and  also 
because  it  presents  the  most  complete  collection 
of  data  on  electron  lenses 
yet  published. 


By  Frederick  E.  Terman 

Professor  of  Electrical  Engineering  and  Executive  Head,  Electrical 
Engineering  Department,  Stanford  University  (absent  on  leave), 

Director,  Radio  Research  Laboratory,  Harvard  University 

One  of  the  most  complete  works  of  its  kind  ever  published,  this  outstanding 
reference  work  presents  a  wealth  of  essential  theory  and  up-to-date  standards, 
practice,  and  data,  especially  selected  and  organized  to  meet  the  needs  of  the 
engineer odealing  with  practical  radio  and  electronic  problems. 

13  big  sections,  covering 


1.  Tables,  Mathematical  Relations, 
and  Units 

2.  Circuit  Elements 

3.  Circuit  Theory 

4.  Vacuum  Tubes  and  Electronics 

5.  Vacuum-tube  Amplifiers 

6.  Oscillators 


7.  Modulation  and  Demodulation 

8.  Power-supply  Systems 

9.  Radio  Transmitters  and  Receivers 

10.  Propagation  of  Radio  Waves 

11.  Antennas 

12.  Radio  Aids  to  Navigation 

13.  Measurements 


Terman ’s  Handbook  concentrates  on  those  topics  which  the  radio  man 
thinks  of  as  constituting  radio  engineering — presented  in  concise  descriptions, 
fundamentals,  formulas,  procedures  useful  in  actual  design,  tables,  diagrams, 
''<tc.  Consult  it  for  data  needed  in  routine  problems  of  design  and 
practice,  or  in  investigation  of  special  problems  or  branches  of  work. 
Check  your  methods  against  best  accepted  practice.  Save  time,  trouble, 
and  error — get  quick,  dependable  answers  to  your  questions,  when 
you  need  them,  from  Terman’s  Radio  Engineers’  Handbook. 

See  one  of  the  first  copies  off  press.  Just  mail  the  coupon;  pay  for  or 
return  the  book  after  examination.  This  authoritative  and  convenient  summary 
of  radio  engineering  knowledge  can  be  of  constant  and  valuable  aid  to  you. 
Send  the  coupon  today. 


MeGRAW-HILL  ON-APPROVAL  EXAMINATION  COUPON 

McGRAW-HIlX  BOOK  CO..  SSO  W.  42nd  St.,  New  York  18.  N.  T. 

Send  me  Terman’a  Radio  Englneera*  Handbook  for  10  days’  examination  on  approval. 
In  10  days  I  will  send  $6.00,  ptua  few  cents  postage,  or  return  book  postpaid.  (Postage 
paid  on  cash  orders,  same  examination  and  return  privilege.) 


[I  Address  . Position 


Is  ('ity  and  State. 


.Company  .  L..  10-43  ■ 
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High'Resistivity  Insulated 
Cores 

For  applications  calling  for  iron 
cores  having  high  unit  resistivity,  a 
core  material  showing  resistance  of 
practically  infinity  is  available.  The 
manufacturer  recommends  these 
cores  for  applications  where  a  re¬ 
sistance  of  150  megohms  or  greater 
is  required,  and  where  voltages  do 
not  exceed  the  breakdown  value.  The 
high-resistivity  material  is  designed 
to  reduce  leakage  currents  and  noise 
troubles,  as  well  as  voltage  break¬ 
down  between  coils  and  cores.  In  cup 
core  applications,  the  manufacturer 
states  this  material  avoids  the  neces¬ 
sity  for  heavy  insulation  on  lead 
wires. 

Other  iron-core  types  for  a  wide 
variety  of  uses,  and  for  frequencies 
to  175  Me  and  better,  are  available 
from  the  manufacturer,  Stackpole 
Carbon  Co.,  Electronic  Components 
Div.,  St.  Marys,  Pa. 


SCREWDRIVER 


. . .  which  will  YOU  he 
■sing  2  years  froa  now? 


CREI  Offers  a  Proves  Plas  for  Persosal 
Advascenest  for  Professiosal  Radio- 
ms  Who  Wast  a  Seesre  Place  for 
Thesiselves  is  the  Postwar  Radio- 
Electrosic  Field. 


Through  Uncontrollable 
Circumstances  . . .  Our 
Catalog  was  Delayed 


Thousands  of  new  men  have  joined  the 
ranks  of  the  radio  industry  for  the  dura¬ 
tion.  But  after  the  war,  even  more  thou¬ 
sands  will  return  from  the  armed  forces. 
War  production  will  settle  down  to  sup¬ 
plying  civilian  needs.  Where  nill  you  fit 
into  this  picture  t 

• 

If  you  are  wise,  you  will  look  ahead  and 
prepare  for  the  good-paying  engineering 
positions  in  radioelectronics  and  industrial 
electronics.  Every  man  in  radio  today  has 
the  opportunity  to  see  the  amazing  devel¬ 
opments  that  are  taking  place,  as  well  as 
the  unlimited  opportunities  available  to 
men  with  modern  technical  training. 

CREI  can  help  you  prepare  by  providing 
you  with  a  proven  program  of  home  study 
training  that  will  increase  your  technical 
ability  and  equip  you  to  advance  to  the 
better-paying  radio  jobs  that  offer  security 
and  opportunity.  The  facts  about  CREI 
and  what  it  can  do  for  you  are  printed  in 
a  32-page  booklet.  It  is  well  worth  your 
reading.  Send  for  it  today. 


Battery  Charger  Line 

The  manufacturer’s  selenium  rec¬ 
tifiers  are  used  to  power  these  bat¬ 
tery  chargers  which  are  available  in 
a  wide  range  of  voltages  and  current 
ranges,  as  well  as  in  individual  de¬ 
signs  for  special  applications.  Three 
general  classes  of  battery  chargers 
are  available.  The  first  of  these  is  a 
portable,  low  voltage  type  for  auto¬ 
motive,  aircraft,  or  radio,  uses.  It 
features  a  wide  charging  rate  control 
and  may  be  equipped  to  switch  from 
6  to  12  volts  with  equal  efficiency  at 


Our  sincere  apologies  .  .  .  we’ve  tried 
to  be  patient,  and  hope  you  have  too,  but 
it  is  now  really  ready  for  mailing,  after 
several  months’  delay  in  preparation.  It’s 


•  , WRITE  FOR  FREE  32.PAGE  BOOKLET 


If  y«u  hm  had  profetsional  radio 
cxpcriencf  and  want  to  make  more 
■oney — let  us  prow  to  you  wt  have 
aaMtthing  you  nted  to  aualify  for  a 
bttttr  radit  joh.  To  help  us  in- 
tellipently  anewer  your  inquiry  — 
PLEASE  STATE  BRIEFLY  YOUR 
BACKGROUND  OF  EXPERIENCE. 
EDUCil  riON  AND  PRESENT  POSI¬ 
TION. 


Complete  information  on  Timing 
Motors  by  The  Originators  of 
The  Timing  Motor 


Send  TODAY  f orTour  Copy! 


Capitol  Radio 

BNGIIVEERING  INSTITUTE 


either  voltage.  The  second  unit  is  a 
communications  type  for  telephone, 
telegraph,  signaling  and  alarm  sys¬ 
tems  ranging  from  24  to  48  volts. 
The  charger  in  this  unit  is  provided 
with  a  filter  to  eliminate  ripple.  The 
third  unit  is  a  general  utility  type 


Home  Study  Courses  in  Practical  Radio 
Emfineering  for  Professional  Self-Improvement 

De/t.  E-10,  3224 — 16th  Street,  N.  W. 
WASHINGTON  10,  D.  C. 

Contr  (tors  to  U.S.  Signal  Corps — U.S.  Navy — 
U.S.  ^oast  Ciuard.  Producers  of  Well-Trained 
Technical  Radiomen  for  Industry 
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r  central  power  stations,  machine 
ols,  control  circuits  and  other  gen- 
^  requirements  for  110  volts  and 
).  Chargers  available  are  floating 
taper  charge,  multi-rate  charging 
;th  trickle  end  rate,  and  automatic 
gulated  charging. 

The  selenium  rectifiers  used  in 
,ese  battery  chargers  are  a-c  to  d-c 
nver.^ion  units  and  are  capable  of 
.^rging  batteries  at  either  high  or 
w  rate.  They  provide  automatic 
;duction  of  the  charging  current  as 
le  battery  voltage  increases,  giving 
tapered  charge  which  protects  bat- 
iries  from  excess  temperature  or 
udue  gassing  without  the  use  of 
lanual  or  automatic  switching  equip- 
lent. 

General  purpose  power  supply 
juipment  is  also  available  for 
pwering  production  lines  and  for 
pe  as  components  of  military  equip- 
ent. 

Selenium  Rectifier  Div.,  Federal 
elephone  and  Radio  Corp.,  East 
ewark.  N.  J. 

urnace  Temperature  Control 

HE  FURNATRON  SYSTEM  was  de- 
>loped  for  applications  where  it  is 
ric.'>ary  to  keep  to  a  minimum  the 
iriations  of  resistance  furnace  tem- 
ratures.  This  is  accomplished  by 
)m’oining  a  thermocouple  type  of 
mperature  controller  with  auto- 
atic  control  of  the  saturation  cur- 
nt  of  a  saturable  reactor  connected 
the  supply  line  of  the  furnace  ele- 
nts,  automatically  controlling  the 
I'l  input  into  the  furnace. 

The  Furnatron  may  be  used  for 
iiiacr  temperature  regulation  and 
ntrol  of  a  single  or  three  phase  f  ur- 


\Vhere  the  line  or  furnace 
orraer  voltage  is  not  suitable  to 
;  ly  a-c  to  the  thyratron  tubes,  an 
yiode  transformer  is  furnished.  An- 
er  optional  feature  is  a  droop  cor- 
or  'vhich  may  be  used  in  installa- 
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tions  where  the  rate  of  mater  al  fio? 
ing  through  the  furnace  c  iangej 
thus  compensating  for  heat  e: 
due  to  fluctuations  in  the  rate  ) 
which  the  furnace  is  being  loader 
The  instrument  also  includes  a  coi; 
pensator  for  line  voltage  vai  atir: 
It  is  used  to  minimize  the  effect  t 
fluctuating  line  voltage  on  high  the; 
mal  inertia  furnaces.  The  cornpU 
regulator  is  arranged  for  flush  pa^ 
mounting.  Protective  devices  of  th 
system  include  a  time  delay  rel^i 
over-temperature  mechanisms,  sur< 
suppressors,  fuses  and  discor  leitir 
devices. 

Department  2-E-64,  Westirivrho-s 
Elec.  &  Mfg.  Co.,  East  Pittsburg? 
Pa.  ' 


TkM  annottncenicnc  i<  noc  to  be  conicnted  m  an  oftr  to  tell  or  at  an  oftr  to  buy  the  tecuritiet  herein  mentioned. 
The  offering  it  mode  only  by  the  protpeaut. 


175,000  Shares  • 

Emerson  Radio  &,  Phonograph 
Corporation 

Capital  Stock 

$5  Par  Value 


Quartz  Wafers  and  Optical 
Glass  Etching  Fluid 

A  NEW  COMPOUND,  known  as  ‘  Quart 
Etch”,  has  been  developed  for  etci 
ing  quartz  wafers  and  optical  glasi 
The  odor  is  mild,  something  like  thi 
of  molasses,  and  no  appreciable  fumt 
are  given  off.  Although  rubtx 
gloves  are  required  in 


Copiet  of  the  prospectus  may  be  obtained  from  the  undertigned  only 
in  states  in  ivhich  the  undereigned  it  (ptali/ied  to  act  at  a  dealer 
in  tecuritiet  and  in  which  the  prospectus  may  le^tty  be  dittributed. 


F.  Eberstadt  &  Co. 


handling 

casual  contact  with  the  skin  is  ham 
less,  according  to  the  manufni  turer 
No  hoods  are  necessary,  and  ordinar 
galvanized  metal  tanks  can  be  used 
The  manufacturer  also  states  tb 
fluid  is  vigorous  in  its  action  agair.; 
glass  or  quartz,  and  cites  as  an  ei 
ample  a  user’s  report  that  a  dO-mi; 
ute  immersion  in  the  fluid  produce 
a  better  pattern  on  a  quartz  wale 
which  was  twinned  than  could  hav 
been  obtained  in  several  hours  wij 
hydrofluoric  acid.  Another  advantag 
claimed  for  the  new  fluid  is  its  e? 
fectiveness  as  an  agent  for 
quartz  crystals  to  .frequency. 

George  W.  Gates  &  Co.,  Hempsteai 
Turnpike  and  Lucille  Ave.,  Frank! ; 
Square,  Long  Island,  N.  Y. 


Extensive  research  and  manufacturing 
development  has  been  put  back  of  the 
various  G.  A.  W.  Carbonyl  Iron  Powders 
— used  by  leading  core  manufacturers. 
Powders  with  different  characteristics 
are  available  for  specific  radio-elec¬ 
tronic  applications. 


Key  Switches  and  * 
Telephone-Type  Jacks 

Key  switches,  designed  for  qa;e 
operation  in  communications  t  irciiii 
are  available  for  immediate  delivt^r; 
with  or  without  mounting  plates.  A! 
lowing  for  a  maximum  of  sevei 
springs  in  each  quadrant  of 
switch,  they  provide  a  wide  var:e:] 
of  locking  and  non-locking  switch.^! 

Silver  alloy  conti' 


Write  for  samples  and 
hatber  information. 


QENERAL  ANILINE  WORKS 

A  dfvisfea  of 

General  Aniline  and  Film  Corporation 

435  Hudson  St..  New  York.  N.  Y. 


combinations, 
are  standard.  Special  contact 
rials  can  be  supplied  when  necessar- 


Maoofaeforort  aod  Solo  DMrtbofon 
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TYPICAL 

applications 


TOGGIE 

SWITCH 


EIECTROIYTIC 

CONDENSER 


VOlUME 

CONTROL 


\  palnut 


labor. 


DOUILE  LOCKING  ACTION 

When  thn  PALNUT  U  tifhtenad,  ill  wcbed 
•lolled  jawe  (rip  the  bolt  like  a  cburk 
(B-B),  whila  epriag  leBeian  ii  exerted  up¬ 
ward  on  tha  bolt  thread  and  downward  on 
ihe  part  (A>A),  aacnrelT  lockm(  both. 


BVLNUT  s 

c  ^ 

L- 

L, 

^  ARE  YOU  PACKAGING 
"SPARE  PARTS 

TO  ARMY-NAVY- LEND  LEASE 
SPECIFICATIONS? 


^  WAISCO 

CORD  SETS 

For  Microphones  —  Exten 
sions,  etc. 


WAISCO 

PLUGS,  SOCKETS 
For  Communication  Equip' 
ment  Mfgrs. 


^  WAISCO 

BRAIDED  WIRE, 

THIN  CABLES 
For  Aerials — Flexible  Con 
nections — Remote  Con 
trols. 


WAISCO 

CHEMICALS  &  ADHESIVES 
For  The  Radio  Trade. 


Extractor  Post 

To  KEEP  SIDE  terminals  of  th  ae  es 
tractor  posts  tight  and  secure  aKainj 
heat  and  vibration,  the  manuf  cturg 
has  welded  them  to  metal  shells  i» 
side  a  bakelite  body  and  lacka 
them  up  with  soft  solder.  Thij  ilia: 
tration  is  a  cutaway  of  No.  1075 


extractor  post.  These  posts  are  u  .r 
with  SAG  (lixi  inches  in  diameter 
fuses  for  radios,  fractional-hp  me 
tors,  magnets,  rectifiers,  plate  ci: 
cuits,  etc.  Overall  length  m  asiii 
2i  inches;  length  from  front  panel: 
2J  inches;  mounting  hole  m- asurr 
•1.  inch.  The  maximum  current  rati 
is  15  amp.  It  is  available  for  scro 
driver  operation  meeting  Undt ;  vm! 
ers’  specifications,  or  for  finger  o; 
eration.  The  knob  and  body  a: 
molded  of  black  bakelite  and  are  ir 
pervious  to  temperature  changes  u: 
corrosion,  and  are  insulated.  Spacir 
between  live  parts  gives  protect! 
against  electrical  leakage. 

Littlefuse  Inc.,  4747  Ravensw 
Ave.,  Chicago  40,  Ill. 


PROMPT  DELIVERIES  ON 


Bender 

Developed  for  aircraft  and  mar' 
work,  the  Di-Acro  Bender  No.  3 


CD  318  CD  148  CD  221  PL  106  PL  561 

CD  307A  CD  184  CD  239  PL  291  SO  86 

CD  195  CD  151  CD  346  PL  68  JK  38 

TS  II  CD  206  CD  424  PL  55  JK  48 

T  24  CD  226  CD  472  PL  54  SW  141 

ALSO  EUROPEAN  AND  BANANA  PLUGS 


corporates  all  of  the  features  of 
manufacturer’s  smaller  models  ( 
scribed  in  past  issues  of  Ei  Kcm 
ics)  but  is  heavier  and  more  rupc 
and  has  a  considerably  greater  ; 
dius-forming  capacity.  The  I'ii 
graph  shows  a  girl  forming  a 
support  with  this  machine.  A  7- r 
circle  and  two  right-angle  bends  a 
obtained  in  one  operation  of  "  ^ 
No.  3.  Bulletin  19-A  is  available. 

O’Neil-Irwin  Mfg.  Co.,  Minnea; 
15,  Minn. 


Vi/AtSCO 


WRITE  FOR  FULL 
INFORMATION 
DEPT.  E 


HLonUo 
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'  AS 

,  \„eCon- 

dit.onsPer-n.t 


OPERATING 


Simpler  adjustment 
permits  a  wider 
range  in  delay 

THE  NEW 

AG  A  ST  AT 


Heavy-Duty,  High-Voltage 
Capacitors 

Available  for  military  applications 
are  heavy-duty,  high-voltage  capaci¬ 
tors  which  may  be  used  in  surge  and 
lightning  generators.  The  capacitors 
are  equipped  with  solder  seal  ter¬ 
minals  for  operation  at  high  altitudes 
and  humid  weather  conditions.  The 
unit  illustrated  is  28  inches  high 


r  SMALLER  .  .  .  MORE  COMPACT  ■— 
THAT’S  THE  NEW  AGASTAT.  OP- 
FERING  EVEN  GREATER  DIVERSITY 
Tn  TIME  DELAY  SWITCHING,  THIS 
ELECTRO-PNEUMATIC  RELAY  OF- 
"l^ERS  THE  SUPER-SENSITIVITY  OF 
TtHE  DIAPHRAGM  TYPE  INSTRU- 
MENT,  PLUS  THE  HIGH  ADAPTA- 
BILITY  OF  AN  INSTANTANEOUS 
RECYCUNG  UNIT.  HEIGHT— FOuT 


and  weighs  175  pounds.  It  is  rated  | 
0.5  juf,  50,000  volts,  d.c.,  and  accord- 1 
ing  to  the  manufacturer  is  construc¬ 
ted  to  withstand  24  hours  continuous  .  I 
operation  and  total  submersion  in ; 
salt  water.  Units  for  continuous  op- 1 
eration  up  to  150,000  volts  working  i  j 
are  also  available. 

I  Industrial  Condenser  Corp.,  1725 ! 

!  West  North  Ave.,  Chicago,  Ill. 


^  when  you  need  it! 

1000.1 

RADIO  AND 
ELECTRONIC 


INCHES,  WEIGHT— ONE  POUND, 

sEv»i  OUNCES.  MADE  OF  NON-1 1  Literature. 

CRITICAL  MATERIALS  THROUGH-  i 


OUT  EXCEPT  FOR  THE  ACTUAL  ^ 


m  ACCUMUUTOR  CO. 


“  A|  3i  Engineering  Data.  Seven  nonmetal- 

Hc  A  TUA  ^  Up  materials  manufactured  to  meet 
MECHANISM.  1  requirements  of  advanced  prod¬ 
uct  design  are  described  in  a  15- 
page  booklet.  The  materials  de¬ 
scribed  are:  vulcanized  fibre,  cotton 
cellulose  material  made  in  sheets 
and  tubes ;  Dilecto,  cloth  fabric, 
glass  fabric  and  asbestos  grades  j 
made  in  sheets,  rods  and  tubes;' 
Dilectene,  an  aniline-formaldehyde  | 
resin  product  available  in  sheets  1 
and  limited  sizes  of  rods ;  Celoron,  j 
a  molded  fabric  base  phenolic  plas-  j 
tic  for  mechanical  parts ;  Micabond  | 
in  sheets,  tubes,  and  tapes  of  mica 
splittings  bonded  together  with ' 
shellac  or  synthetic  resins;  Vulcoid, 
with  good  moisture  resistance  as ; 
compared  to  fibre;  Haveg-Saran  j 
available  in  standard  sizes  covering 
a  wide  range  of  applications.  The  j 
booklet  also  includes  an  application 
HfltliTflD  Pfl  chart.  Booklet  available  from  Con- 1 
fnlULniUK  UU.  tinental-Diamond  Fibre  Co.,  New-  j 
'•i  (ark,  Delaware. 


TUBES!  ''RHEOSTATS! 
CAPACITORS!  RESISTORS! 
RELAYS!  TRANSFORMERS! 

TEST  EQUIPMENT! 

’P’UicUceiUu 


Our  17  years  of  buying  and  selling  ex¬ 
perience  in  the  electronic  fieid  enable 
us  to  cut  through  the  ‘iog”  of  shortages 
and  restrictions.  If  you  are  engaged  in 
war  production . . . 


b  IVr/fe,  Wire  or  Phone  HARVEY  M 


We’ll  help  you  with  merchandise . . .  tech¬ 
nical  advice . . .  recommendations.  If  we 
haven’t  what  you  want  in  stock,  we’ll  find 
it  for  you.  Communicate  immediately! 

reftohowt  BRyant  9-1946 


RADIO  COMPANY 
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Aomajii^MiJLactric 


Engineering  Reference  Data.  This 
36-page  booklet  has  been  made  up 
for  design  engineers  or  the  buyer 
of  machine  parts,  in  order  to  pre¬ 
sent  clear  and  complete  engineering 
reference  data.  Material  described 
in  this  book  are:  hard  vulcanized 
fibre  in  sheets,  rods  and  tubes  and 
in  fabricated  parts,  Armite,  an  im¬ 
proved  thin  insulation  (fish  paper) 
in  sheets,  strips  and  coils;  Spauld- 
ite,  a  laminated  phenolic,  in  sheets, 
rods  and  tubes  and  in  fabricated 
parts;  Spauldo  motor  slot  insula¬ 
tion;  fiexible  fibre,  a  gasket  ma¬ 
terial;  fibre  receptacles,  boxes  and 
barrels  and  fibre  board.  Booklet 
available  from  Spaulding  Fibre  Co., 
Inc.,  310  Wheeler  St.,  Tonawanda, 
N.  Y. 


Acme  electronic  transformers  are  made 
to-measure,  for  each  application.  That's 
whr  independent,  unbiased  tests  give 
Acme  first  choice  in  performance.  Acmt 
engineers  combine  exact  electrical  speci 
ficadons  with  mechanical  limitations  into 
precision-made  transformers  that  provide 
for  maximum  performance  ot  the  elec¬ 
tronic  device. 


#  Globar  Brand  Resistors,  built  to  speci¬ 
fications,  tabulated  below,  will  reduce  your 
production  costs,  improve  the  performance 
of  your  circuits,  help  take  the  headaches 
out  of  your  service  department  and 
strengthen  your  reputation  for  quality 
devices. 

A  resistor  is  essentially  an  energy  dissipa- 
tor  and  as  such  it  should  be  rugged.  Since 
the  demands  of  electronic  circuits  are 
quantitatively  exacting,  a  resistor  should 
be  electrically  and  mechanically  stable  so 
that  it  will  retain  indefinitely  its  estab¬ 
lished  resistance  value  at  normal  loading. 
A  good  resistor  should  withstand,  without 
suffering  a  permanent  change  in  resistance, 
the  maximum  accidental  over-voltage  to 
which  it  might  be  subjected  in  service. 
Moreover,  it  should  be  free  from  micro- 
phonic  effects,  inductance  and  capacity.  It 
should  have  a  comparatively  straight  line 
temperature  and  voltage  characteristic  and 
it  should  not  be  affected  by  humid  atmos¬ 
pheres. 

Globar  Brand  Resistors  are  built  to 
meet  these  requirements. 

This  company  was  one  of  the  first  manu¬ 
facturers  of  electronic  resistors  and  today 
Globar  Brand  Resistors,  steadfast  against 
abuse,  are  serving  as  pa'ecision  weirs  in  the 
electron  arteries  and  capillaries  of  elec¬ 
tronic  circuits  throughout  the  world.  A 
trial  in  your  electronic  circuits  will  serve 
to  verify  these  claims. 

PHYSKAl  AND  EUCTIKAl  SKOnaTIOIft 
rm  "A"  lESKTORS 


Colloidal  Graphite.  Bulletin  No. 
431-EE  describes  “dag”  colloidal 
graphite  for  impregnation  and  sur¬ 
face  coatings.  It  includes  the  rea¬ 
sons  for  colloidalization  of  indus¬ 
trial  products  and  methods  used  to 
impregnate  materials.  Bulletin  No. 
431-EE  is  available  from  Acheson 
Colloids  Corp.,  Port  Huron,  Mich. 

Insulating  Varnishes.  Synthite  PG-1 
clear  baking  varnish  for  the  protec¬ 
tion  of  electrical  units  is  described 
in  a  6-page  folder.  This  insulating 
varnish  may  be  baked  to  any  degree 
of  hardness  and  does  not  resoften 
under  heat  developed  by  some  types 
of  units.  A  copy  of  this  folder  is 
obtainable  from  John  C.  Dolph  Co., 
Dept.  22,  168  Emmett  St.,  Newark, 
N.  J. 


POWER  OR  FILAMENT 
TRANSFORMERS 

Acme  case  designs  require  minimum 
mounting  area.  May  be  mounted  on  bot¬ 
tom,  or  suspended  from  top  or  side.  Pro¬ 
duced  to  specifications  in  sixes  from 
50VAto  500  VA. 


FILAMENT 

TRANSFORMERS 

Type  T-7025 
Acme  Filament 
Tranformer  for  2 
—  866  Rectifier 
Tubes.  Requires 
minimum  mount¬ 
ing  space;  mount¬ 
ing  centers  for 
25  VA,  only 
3" X  3’/4  ', height 
3*/i.  Precision- 
madetospecifica- 
tions  in  produc¬ 
tion  quantities  in 
ratings  from 
25VAtol%KVA. 


Resistance  Standards  and  Bridges. 
Bulletin  100  describes  and  illus¬ 
trates  standard  resistors,  standard 
shunts,  mounted  individual  resist¬ 
ors,  type  B  and  type  W  decade  re¬ 
sistance  boxes,  individual  decade 
resistance  assemblies,  high-preci¬ 
sion  Wheatstone  bridge,  type  B 
Wheatstone  bridges,  Mueller  bridge, 
portable  Wheatstone  bridge  test 
sets,  high-precision  Kelvin  bridge, 
portable  Kelvin  bridge  and  limit 
bridges  for  rapid  production  test¬ 
ing.  Bulletin  100  is  available  from 
Rubicon  Co.,  Ridge  Ave.  at  35th 
St.,  Philadelphia,  Pa. 


MINIMUM  WEIGHT 
AIR-RORNE  TRANSFORMERS 

Acme  compound-filled,  sealed  case  Audio, 
Driver,  Intersuge  transformers.  Reactors 
and  Microphone  input  transformers  are 
built  to  withstand  and  satisfactorily  per¬ 
form  under  extreme  temperature  varia¬ 
tions.  Bulletin  159  tells  why.  Write  for 
your  copy  today. 


STANOAIO  IQKrAIKi  (Tsiwwctt  S%  -  10%  -  20%) 

AU  KSBTOOS  (0100  CODfD  f  A.  HA  A.  SfadfOs. 

otoCT  IT  run  wuwtni,  wmstawci  vaiuc  and  TouuNa 


Specification  Finishes.  Additional 
sheets  to  be  added  to  Booklet  619, 
U.  S.  Government  Finishes,  are 
available  from  Maas  &  Waldstein 
Co.,  438  Riverside  Ave.,  Newark,  4, 
N.  J. 


THE  ACME  ELECTRIC  &  MFC.  CO. 

31  WATER  ST.  CUBA.  N.  Y 


Globar  Division 


‘CarbonjDdum  and  Globar  are  refiiatered  trade-marks  ot 
^and  indicate  manufacture  by  The  t  'arbnnindum  Company 


October  1943  —  ELECTRONICS 


wz-a 

V* 

1  !•  ISO  Ohm 

vw 

ZAl-tX 

'h 

1  tatZ  Ohm 

y* 

7S0-CX 

1 

1  !•  33  Ohm 

Vs- 

Vs' 

ZM-CX 

2 

1  H  47  Ohm 

w* 

Vs' 

zoi-a 

4 

1  to  22  Ohm 

iV 

’Vj7' 

zz4-a 

4 

1  to  33  Ohm 

2%' 

* 


i 


V^R.W.  CRAMER  COMPANyI 


CENT€RPROOK 


CONNECTICUT 


Hairsprings 
for  fine  mechanisms 


MANROSS 


HAIRSPRING 

Accuracy 


SPRINGS 


CARTER  'Senemctbt 

THE  RELIABLE  POWER  SUPPLY 
OF  FAMOUS  COMMUNICATION  EQUIPMENT 


Thousands  of  these  Carter  Original  G«n«motors  are  canstantly  providing  that 
something  "extra"  in  MOTOROLA'S  famous  FMT-30D  Mobile  FM  Radio  trans¬ 
mitter,  pictured  above.  Why  not  submit  your  requirements  and  become  acquainted 
vi/ith  this  preferred  Power  Supply? 

the  latest  catalogue  of  Carter  products  will  be  sent  upon  request. 


Primer  on  Electronic  Tubt  s.  ■  ^ 
Electronic  Tubes  Work”  is  ^ 
page  nontechnical  book.  Bull? 
GEA-4116  is  made  up  chief  yfoy 
dustrial  engineers.  The  prirrj 
main  emphasis  is  on  how  the  el 
tronic  tube  operates.  The  t-, 
basic  types  of  industrial  electro 
tubes  and  their  uses  are  describ 
Bulletin  GEA-4116  is  .ivaila 
from  Dept.  6-215,  Publicity  Di 
sion,  General  Electric  Co.,  Schen 
tady,  N.  Y. 


Fuzed  Quartz.  A  price  schedule 
fused  quartz  for  standard  sizej 
ingots,  rods  and  tubing  is  availai 
from  the  address  below.  The  fuj 
quartz  comes  in  a  variety  of  ?;i 
both  clear  and  translucent,  wh: 
are  also  listed  on  the  price  list.  I 
physical  properties  and  charad 
istics  of  fuzed  quartz  are  dt  serib 
in  a  reprint  from  an  article  by  P. 
Devers  published  in  Light  maKaz:: 
Send  request  for  above  to  Mr.  P. 
Devers,  Lamp  Dept.,  General  Ei 
trie  Co.,  Cleveland,  12,  Ohio. 


A-65-J,  a  New  Refractory  Tibe  Material 

Above  is  tubing  made  from  our  new  A-65-J  material  which  gives 
special  qualities  to  refractory  tubing.  A-65-J  is  made  especially  for 
wire  wound  enameled  resistor  tubing  and  is  particularly  well  adapted 
for  electrical  control  and  radio  use. 

Glad  to  give  you  further  information  or  quote  on  your  require¬ 
ments  if  you  will  send  us  specifications  or  drawings. 

The  Colonial  Insulator  Co. 

9S3  Grant  St.,  Akron  11,  Okio  Chicago  Office:  1706  Fnllerton  Ave. 


Level  Controls.  A  four-page  b, 
tin  containing  information  on  t 
tronic  level  controls  for  liquids 
powders.  Bulletin  available  fi 
Photoswitch  Inc.,  77  Broads 
Cambridge,  42,  Mass. 


Spot  Welding  Machines.  Bui ; 
93-W-43  covers  the  operating 
eiples,  typical  standardized  ai  rar, 
ments  and  special  applications 
small  spot  welding  machines. 
eral  welding  tips  and  fixtures,  :b: 
trations  of  automatic  welding 
ers  and  contactors  and  types 
transformers  manufactured  by 
company  are  covered  in  the  bo  k? 

Bulletin  92-BW-2  lists  featun 
applications, 


operations 
t3T)es  and  sizes  of  small  and  hea^ 
duty  butt  welders.  These  weldf 
are  particularly  designed  for  we 
ing  wires  as  small  as  0.008 
diameter  of  tungsten,  molybdena 
nickel  and 


Examples 


copper. 

butt  welders  combined  with  c! 
tactor  and  timer  suitable  for  w. 
drawing  plants  are  also  shown 
this  manual. 

Bulletin  93-W-43  and  Bii:;: 
92-BW-2  are  available  from  K- 
Engineering  Co.,  740-770  South 
St.,  Newark,  3,  N.  J. 


160i  MMwmmk—  Av«.  Carter,  a  well  fcnawn  nom*  In  radio  for  over  fwoofy  yoart.  Cebfo:  9ooomotor 
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Work  Coils 

(Continued  from  page  112) 


encompass  only  a  portion  of  the  ob¬ 
ject,  or  by  allowing  only  the  desired 
portion  of  the  object  to  project  into 
the  coil  between  its  turns. 

High-frequency  heating  permits 
accurate  control  over  what  is  heated, 
how  long  it  is  heated,  and  how  much 
it  is  heated.  This  means  that  inex¬ 
perienced  operators  can  obtain  uni¬ 
formity  of  heat  treating  on  produc¬ 
tion  runs  far  more  readily  than  with 
conventional  heating  methods.  Once 
a  satisfactory  work  coil  has  been  con¬ 
structed  and  the  optimufn  frequency 
and  time  determined  for  it  by  ex¬ 
periment,  heat-treating  merely  in¬ 
volves  placing  the  metal  part  inside 
the  work  coil,  stepping  on  a  foot 
control  switch  for  the  requisite  num¬ 
ber  of  seconds,  then  either  turning 
on  the  water  spray  device  which  sur¬ 
rounds  the  coil  or  removing  the  part 
and  dropping  it  in  a  quenching  solu¬ 
tion.  Asbestos  strips  or  other  means 
can  be  used  to  center  the  object  with 
respect  to  the  coil.  The  depth  to 
w’hich  heat  penetrates  can  be  regu¬ 
lated  to  a  small  fraction  of  an  inch 
regardless  of  the  thickness  of  the 
object  being  heated. 


COLD 


'mAMIDITY 


How  can  you  make  sure  the  impor¬ 
tant  drawings  you’re  working  on  at 
this  moment  will  blueprint  as  satis¬ 
factorily  three  or  four  years  from 
now  as  they  do  today?  By  using  Ark¬ 
wright  Tracing  Cloths!  For,  as  any 
experienced  draftsman  will  tell  you, 
Arkwright  Tracing  Cloths  won’t  tear 
or  fray  no  matter  how  often  they’re 
blueprinted.  Nor  will  they  become 
brittle  or  opaque  with  age.  Use 
Arkwright  —  it  pays!  Arkwright  Fin- 
isbiiig  (Company,  Providence,  R.  1. 


THCRmTITE  TREATED 

THERMADOR 

TRANSFORMERS 


Thermador  Transformers  are 
Thermatite  treated  to  with¬ 
stand  extreme  temperatures 
and  humidity — arid  or  moist 
heat — dry  or  damp  cold  do 
not  hamper  their  efficiency. 
Thermatite  is  the  name  of  a 
process  of  accurate  heat  con¬ 
trolled  vacuum  impregnation 
developed  and  improved  over 
a  period  of  ten  years. 

Thermador  alto  manufattures  huilt-im  Eleetrit 

Healers,  EJectrk  Ranges,  Electric  Water  Heaters. 


Work  coU  for  annealing  continuous  strip 
prior  to  hot  stomping  and  forging 


Brazing  and  soldering  by  means  of 
induction  heating  give  uniform  pene¬ 
tration  of  heat  throughout  the  joint 
to  be  brazed  or  soldered,  eliminating 
excessive  heating  on  the  surface  and 
leaving  very  little  discoloration  and 
practically  no  scale.  Thus,  cleaning 
or  refinishing  operations  can  often 
be  omitted.  The  electronic  process 
also  eliminates  waste  of  excess  solder 
or  brazing  alloy,  a  vital  factor  in 
wartime.  The  temperature  produced 
is  essentially  a  matter  of  time,  with 
heat  becoming  progressively  more 


THERMADOR 

ll•ctri<al  Manufacturing  Co. 
5119  S.  Rivsrtids,  Loi-Asgslst 
^ks4ui  • 
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PERMANENT 

MAGNETS 


.  . .  than  Electro 
Magnets  tor 


Cone^oped  work  coil  for  hooting  tho 
tooth  of  a  boTol  goor  proporotory  to  hard- 
oning.  Tho  goor  ia  automatically  contorod 
by  tho  asboitos  strips.  Tho  coil  is  mounted 
on  o  moToblo  stand 


.  .  .  Units 


I  Anphibion  JfM 


With  many  years  of  experience  in 
this  branch  of  electronics,  we  can 
bring  to  your  problems  two 
services: 

1  *  .  .  help  in  designing  the 

best  type  of  permanent 
magnet  for  your  par¬ 
ticular  instrument  or 
equipment. 

2  .  .  .  manufacturing  facilities 

with  modern  skilled 
craftsmen. 

In  this  connection,  we  suggest  you 
study  the  merits  of  ALNICO  and 
NIPERMAG,  two  superior  perma¬ 
nent  magnet  metals. 


CINAUDAGRAPH 

CORPORATION 

STAMFORD,  CONNICTICUT 


intense  as  current  is  left  on,  hence 
brazing  alloys  right  up  to  those  with 
the  highest  melting  points  may  be 
used. 

Melting  of  small  masses  of  metals 
can  be  accomplished  readily  with  a 
small  crucible  placed  inside  a  work 
coil.  If  a  conductive  graphite  crucible 
is  used,  most  of  the  heat  is  generated 
in  the  walls  of  the  crucible  and  is 
transferred  to  the  metal  by  conduc¬ 
tion.  With  a  ceramic  crucible,  the 
high-frequency  current  is  induced  in 
the  metal  itself,  causing  a  stirring 
of  the  mass  of  molten  metal  which 
gives  a  high  degree  of  uniformity 
to  the  melt.  The  metal  can  be  poured 
with  power  on,  which  practically 
eliminates  freezing  of  metal  at  the 
lip  of  the  crucible. 

High-frequency  heating  has  al¬ 
ready  been  successfully  applied  to 
several  thousand  war  production 
problems.  The  field  of  economical 
commercial  uses  is  just  being  dis¬ 
covered  and  opened  up. — j.m. 


ANOTHER  FIRST— 100,000,000- 
volt  x-rays  were  produced  for  the 
first  time  on  Aug.  21  by  the  G-E 
research  laboratory,  using  the  re¬ 
cently  completed  induction  electron 
accelerator.  The  first  few  observa¬ 
tions  show  that  the  characteristics  of 
these  x-rays  differ  radically  from 
those  with  which  physicists  are 
familiar. 


The  quick  change  to  ikllled  produc¬ 
tion  oi  new  and  complex  wortime 
electronic  devices  at  BELL  Sound 
Systems  was  not  due  to  ingenuity 
alone.  It  was  a  result  of  technical 
preparation.  Bell  Engineers  have  al¬ 
ways  made  a  point  of  keepinq 
ahead  of  today's  sound  equipment 
needs.  Their  research,  study  and 
experiment  —  plus  Beil's  advanced 
production  experience — gave  them  a 
valuable  head  start  on  war's  new 
requirements.  This  aggressive  policy 
Is  permanent.  It  will  give  Bell 
Sound  System  engineers  Just  as  biq 
a  head  start  on  new  peace  time 
needs  for  electronic  sound  devices 
and  related  equipment. 

EBELL  industrial 

VOICE  PAGING 
SYSTEMS 

first  to  be  de- 
signed  specifie¬ 
rs  ally  for  industrial 
use  —  are  typical 
ink.  of  BELL'S  leader¬ 
ship.  Compact,  integral  units  com¬ 
bine  readily  to  meet  any  distribu¬ 
tion  or  capacity  need.  They  provide 
for  plant-wide  music,  announce¬ 
ments,  vocal  paging,  warning  or 
work  signals,  and  other  services. 
Write  for  complete  details  today. 


•X 


I 


•. 


i 


tort- Wave 
ontrol  Center 

{Continued  from  page  117) 

Two  special  small  rooms  are  pro- 
nded  especially  for  transcription 
jroadcasts.  In  these  rooms  are  three 
ndividual  turntable  channels,  each 
quipped  for  electrical  spotting.  Dur- 
ag  use,  a  turntable  motor  runs  con- 
inuously.  The  pick-up  is  set  at  the 
Jeaiitid  point  on  the  record  while 
record  is  held  stationary  by  an 
electromagnetic  brake,  so  that  the 
record  slips  on  the  turntable  until 
the  release  button  is  pressed  at  the 
instant  the  program  is  to  start.  In 
his  way  the  operator  in  one  of  the 
ranscription  rooms  can  start  three 
parate  transcribed  programs  simul- 
aneoualy  following  a  station  break. 
In  addition,  there  is  an  announcing 
Microphone  in  each  transcription 
ot»m,  along  with  complete  testing, 
iag  and  monitoring  facilities.  All 
licrophones  used  by  OWI  in  New 
ork  City  at  present  are  Western 
ectric  tirpe  639  cardioid  models. 

R«cordi»9  Room 

The  recording  room  is  believed  to 
e  the  largest  in  the  world.  In  it 
ill  be  20  complete  Memovox  ma- 
hines  running  continuously  and  pro- 
iding  embossed  recordings  of  all 
rograms  going  on  the  air,  for  fu- 
ure  reference.  The  machines  oper- 


One  ol  th«  18  control  rooms  torring  tho 
16  1 7s-talmil  studios  in  tho  new  OWI 
Basher  control  center  in  New  York  City 
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REDUCES  HEATING  COSTS  MORE  THAN 
30%  PER  YEAR  ON  DEGREE  DAY  BASIS 


CENTRAL  TERMINAL  COMPANY 

o/  Si.  Loeh,  Mo. 

ProTM  Mvincs  •ffwctwd  since  FUshtron 
was  toatallsd  la  stssm  heattair  control 
system,  by  records  made  awallable  tttroucb 
meters  double  chedied  for  accuracy,  by 
both  themaelwes  and  utility  company  sup* 
plylnff  steam. 


a  Not  only  have  savings  in  the  amount  of  steam  consumed  been  made  pos* 
sible,  but  the  company  also  says:  "We  have,  in  addition,  improved  circu¬ 
lation  of  steam  to  the  various  types  of  radiation  and  are  able  to  maintain 
any  desired  temperature  in  any  space.*'  Reminding  you  that  Flashtron  is 
not  a  control  ''system**,  but  rather  the  "Heart”  whidi  makes  possible  the 
more  accurate  regulation  of  various  elements  occurring  in  manufacturing 
and  analytical  processes,  we  invite  control  manufacturers  to  send  for  brochure 
giving  detailed  information,  and  diagrams  showing  how  Flashtron  operates 
in  a  typical  control  set-up. 


W.  Haro*  S* 


SOO  W.  HaroN  St. 
CHICAGO 


Every  day  we  are  approaching  nearer  to  tho  time  when 
advancements  in  television,  radio,  aviation  and  oloc- 
tronics  in  general,  con  be  parts  of  everyday  life.  When 
this  occurs,  products  which  havo  materially  aided  the 
forces  of  Victory,  will  come  into  their  own  once  again. 
This  time  as  a  human  betterment. 

Daniel  Kondaklian  leads,  bases  cmd  caps — vital  com¬ 
ponents  of  oloctronic  tubes — will  assume  this  subse¬ 
quent  role  in  a  similar  efficient  and  dependable  manner. 

'  THE  ENOINEERINO  CO. 

Vt  WRIGHT  STRUT.  NIWARK,  NIW  JIRSIY 


TIIEE  COMPLETELY  EQIIP- 
PEI  PLANTS  AVAILAILE  FQI 
PIST-WAI  PIIIICTIIN 

Inquiries  pertaining  to  post¬ 
war  intent— and  oppiicable 
to  our  plant  capabilities 
for  cops,  bases,  television 
tubes  and  three  great  types 
of  leads— ore  invited.  Blue¬ 
prints,  sketches,  or  data 
sent  to  us  for  consideration 
or  collaboration,  will  be 
treated  in  strict  confidence. 


TUNGSTEN  LEADS  't.  DANIEL  KONDAKIIAN  bases  and  caps 


vox  unit  starts  up.  Each  Memovox  or  can  be  fed  by  the  pick-up  to  chw 
unit  contains  two  turntables,  with  the  recording  equipment  ] 

provisions  for  automatic  switching  Also  in  the  recording  room  are  ]j 
from  one  to  the  other  to  provide  a  RCA  type  73A  recording  lathes  wi^ 
total  of  two  hours  continuous  record-  automatic  equalizers  and  high-  fide 
ing  without  attention.  Flexible  plas-  ity  cutting  heads,  used  to  provid 
tic  disks  of  ethyl  cellulose  are  used  high-fidelity  transcriptions  for  fi 
here,  each  being  about  one-sixtieth  ture  rebroadcasts.  Each  lathe  is  rul 
of  an  inch  thick.  A  one-hour  pro-  ber-mounted  on  a  700-lb  block  of  coi 
gram  can  be  embossed  on  each  side  crete  which  in  turn  is  rubbe 
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Write  for  this 
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and  Plan  Sheet 
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This  folder  shows  the  wide  variety 
of  sizes  and  styles  in  which  the 
sturdy,  lightweight  Pyra  -  Shell 
Transparent  Utility  Boxes  are 
available.  Pyra-Shell  Boxes  give 
full  protection  to  vital  small  parts 
used  on  the  assembly  line  and  in 
repair  departments. 

While  there  is  a  wide  range  of 
standard  compartment  arrange¬ 
ments  available,  special  boxes 
can ’be  designed  to  solve  indi¬ 
vidual  problems.  The  plan  sheet 
will  enable  you  to  work  out  a 
design  to  meet  your  needs. 

Write  for  folder  and  plan 
sheet  today.  Address — 
Utility  Box  Dept.  R, 
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Studio  Setector 
Switch  for 
Monitor  No.l 


Studio  Seketor 
Switch  for 
Monitor  Nd.2 


Volumev 

Indcator 


Monitor 


Line  Monitor 
Selector 
Switch  No.  I 


Monitor 
Amplifier 
WE.  II8A 


V.l.  and  Monitor 
Transfer  Reloys 


Test 

Monitor 

Speoker 


Monitor 
Amplifier  1 
W.E.  1I8A 


SHOE  FORM  CO.  Inc 
AUBURN,  N.  Y. 


Simpliiied  block  diagreon  of  one  of  the  20  channels  on  the  master  control  desk, 
shown  in  correct  relation  to  the  two  flash  chormels  and  the  monitor  speaker 
channels  that  serre  the  entire  desk 
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WILMINGTON  FIBRE  SPECIALTY  CO. 

NEW  CASTIE.  DEI. 


EN  MEN  I 

FROM  MISSOURI!! 


large  number  of  duplicate  recordings 
for  rebroadcast  from  foreign  loca¬ 
tions. 

Chips  are  rdhioved  during  record¬ 
ing  by  a  vacuum  system  located  in  an 
adjacent  room  and  connected  to  each 
recording  location  through  stainless 
steel  tubing.  The  chips  are  deposited 
in  a  water  tank  in  the  adjacent  room, 
and  the  cleaned  out  twice  a  week. 

All  programs  going  through  the 
master  control  desk  also  pass 
through  the  master  recording  control 
desk  in  the  recording  room,  permit¬ 
ting  instant  selection  of  any  desired 
program  and  routing  of  it  to  any  re¬ 
cording  lathe  that  is  free. 

Serving  the  14  recording  lathes  in 
the  recording  room  are  14  racks  of 
equipment,  containing  14  Western 
Electric  type  105  program  amplifiers, 
16  Western  Electric  type  118  driving 
amplifiers  and  14  Western  Electric 
type  1087  power  amplifiers.  With  this 
equipment,  recordings  are  made  reg¬ 
ularly  that  provide  frequencies  up  to 
10,000  cycles  during  playback. 

With  each  lathe  having  its  own 
monitoring  loudspeaker  and  with  a 
total  of  40  loudspeakers  in  the  Memo- 
vox  unit  and  two  more  loudspeakers 
mounted  on  the  wall  for  general 
monitoring  in  the  recording  room,  it 
is  possible  to  have  a  total  of  56  loud¬ 
speakers  in  operation  at  one  time  in 
j  the  recording  room.  The  normal  out- 
!  put  of  this  room  will  be  approxi- 
I  mately  100,000  disks  per  year. 


JThe  electronic 
engineer!  The  aero- 
lautical  designer!  The 
hitect!  The  art  direc- 
fhe  civil  engineer! 
tsmani  The  electrical 
The  mechanical  engi¬ 
neer!  The  drafting  instructor!  The 
iuitrial  designer!  These  men  had 
shown  before  they’d  admit 
h  was  the  best  drawing  pencil. 
\  are  proving  it  to  themselves,  to 
j^phonite  ELDORADO. 

Pencil  Sales  Dept.  59-JlO 
seph  Dixon  Crucible  Company 
Jersey  City,  N.  J. 

TYPHONITE 


nected 


For  Easy 
Fabrication— 

use  Wilmington  Fibre 


pOR  easy  fabrication,  for 
superior  insulating  and 
maintenance  qualities, 
WILMINGTON  VUL¬ 
CANIZED  FIBRE  is  one  of 
the  most  versatile  materials 
known  to  industry.  And  it  is 
as  reliable  as  it  is  versatile. 


LDORADO 


STEATITE 

CERAMIC 


Status  of  Project 

Technical  facilities  are  now  ap¬ 
proximately  60  percent  completed  at 
the  master  control  center.  The  re¬ 
cording  room  is  complete  except  for 
7  Memovox  recorders  now  being 
manufactured.  Most  of  the  construc¬ 
tional  work  remaining  to  be  done  is 
on  the  master  control  desk,  with  de¬ 
lays  here  being  due  in  some  measure 
to  difficulties  in  securing  certain  re¬ 
quired  parts.  Nevertheless,  the  con¬ 
trol  center  has  been  serving  its  trans¬ 
mitters  for  some  months  already, 
with  switching  being  accomplished 
normally  by  means  of  100  patch  cords 
on  emergency  operating  panels  pro¬ 
vided  in  the  master  control  room  for 
use  in  case  of  control  desk  failure. 

Initial  construction  work  was  un¬ 
der  the  direction  of  Carrol  Hauser, 
now  with  the  Washington  office  of 
the  OWI  Bureau  of  Communication 
Facilities.  The  project  is  being  com¬ 
pleted  under  the  direction  of  George 
W.  Herrick. 


WILMINGTON  insulates 
against  current,  heat,  noise, 
shock,  vibration.  It  machines 
easily.  It  is  light,  tough, 
dense.  It  does  not  splinter. 
Its  dielectric  strength  is 
high.  It  improves  with  age. 
It  is  not  affected  by  oils. 

For  these  and  a  variety  of 
other  reasons,  WILMING¬ 
TON  VULCANIZED 
FIBRE  is  winning  new 
friends  daily  among  elec¬ 
trical  engineers  and  main¬ 
tenance  men. 


CHARACTERISTICS 

Spacific  oravity  of  aaly  2.S  to  2.4. 

Watar  abtorptioa  S.  1.4-0.001  par 
cent.  Nr  cant  pawar  factor. 

S.  1.5  to  40  cyclaa  was  only  0.0I4S. 
Dielectric  constant  at  40  cyclas 
was  5.f-IOOO  KC  5.4. 

lice.-)  of  electrical  and  radio  apparatus  des- 
:ed  for  war  serrioe  are  finding  in  LAVTTE 
e  precise  qualities  caUed  for  in  thair 
-  -  osi  .  ,  .  high  compraaaiTa  and 
'T.ii  .  strength,  low  moisture  absorption 
:  rctiuance  to  rot  fumes,  tdds,  and  high 
II  The  eaceedingly  low  loss-factor  of 
iVm  plus  iu  excellent  workability 
it  ideal  for  all  high  frequency  appli- 


will  gladly  supply  samples  for  testing. 


M.  STEWARD  MEG.  COMPANY 

O/'rs  &  Works:  Chsttamoog^,  Ttmm. 
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Horiiontal  rr\o- 
tion.  ^ 

Vertical  motion 

For  parts  upto  1' 
lbs.,  25  lbs.,  10 


h/anual  frequency 

chan9«- 

/Automatic  ff«' 

quency  chans® 


nil  R  m  E  R I [ n  n 

Tool  &  lllonufacturing  [a. 

1014  Fullerton  Hue.,  Chicago 


CRYSTALS 

EXCLUSIVELY 


EXCLUSIVELY 
FOR  WAR.  . . 


Split  second  communications 
are  vital  to  offensive  action. 
Valpey  crystals  insure  reli¬ 
able  transmission  of  tactical 
orders  at  all  battle  fronts. 


VALPEY  CRYSTAL  CORP. 
HOLLISTON.  MASS. 

Since  1931 


,  All  American 
Fatigue  Testing 
-t  the  needs 
I  laboratory 

department. 

Every  model 

compact, 
rernment  speci- 


There  is  an 

Vibration  t 
Machine  to  t 
of  every  test 

and  inspection 

Hundreds  in  use 

.imDle.  elficient, 


grounded  in  scientific  principles  from 
gtsrt  to  finish,  and  none  is  specialized 
in  the  sense  that  it  is  substantially  i 
concerned  with  passing  commercial 
or  technical  practices^  The  apparent 
specialization  has  the  advantage  of 
capitalizing  upon  the  natural  interest 
of  students  so  as  to  give  greater 
drive  to  their  study  of  principles. 

The  special  subjects,  electronic 
control  and  measurement  and  elec¬ 
trical  implementation,  and  the  as¬ 
sociated  laboratory  work,  in 'which 
the  electronics  option  culminates, 
have  been  under  development  for  only 
a  few  years  and  therefore  have  not 
reached  the  steady  state.  However, 
the  transient  state  often  is  the  most 
interesting  and  educational  to  stu¬ 
dent  and  instructor  alike.  In  fact, 
most  academic  subjects  unless  ex¬ 
posed  to  an  occasional  new  impulse 
drift  into  the  doldrums.  Though  the 
subjects  about  to  be  described  have 
I  the  educational  advantages  that  ac- 
r.-mpany  the  transient  state,  they  are 
still  definitely  on  the  underdeveloped 
side  and  so  afford  a  fertile  field  for 
investigatory  and  research  work. 

Eleetrealc  Ceatrel 

The  work  in  electronic  control  and 
measurement  is  organized  to  cover 
the  more  important  functional  meth-  i 
ods  whereby  electronic  devices  are 
employed  in  control  and  measure- 

Iment  applications.  A  study  of  the 
uses  of  electronics  in  laboratory  and 
industrial  equipment  indicates  that 
the  electronic  devices  in  most  of  the 
^equipment  can  be  classified  as  func¬ 
tional  elements  under  a  relatively 
^  small  number  of  headings.  Among  ' 
these  headings  are  rectified-power  ! 
supplies,  voltage  stabilizers,  modu-  | 
^  lators,  amplifiers,  detectors,  grid- 
controlled  rectifiers,  oscillators,  trig- 
^ger  circuits,  inverters,  sweep  cir- 
icuits,  stroboscopes,  oscilloscopes,  and 
^  indicator  tubes.  The  topics  discussed 
^correspond,  for  the  most  part,  with 
^the  foregoing  headings.  Various  com¬ 
binations  of  these  functional  ele- 
.ments  make  up  a  multitude  of  useful 
devices;  for  example,  sensitive  volt¬ 
meters,  ammeters,  and  watt-meters, 
voltage  and  speed  controls,  remote 
f indicators  of  various  types,  spot- 
•velding  timers,  and  high-speed 
■graphic  potentiometric  recorders, 
i  With  a  few  exceptions  such  as  the 
j'  -i  illoscope,  stroboscope,  and  elec- 
!u'  n-ray  indicator  tube,  which  may 
bt  called  electronic  instruments  in 
^tien, selves,  the  strictly  electronic 
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TO  SPEED  AND  SIMPUFY 

MANUFACTURING  METHODS 

* 

VO%v 


rrtT  H.<.d  c,  s«.«.  i>~<‘  p'"-*"'”" 

Knurled  "Unbroko  Socke  ^ 

v,..d  "."»y  '""Vr"',.,  G..  .h.  -Unbroko"  Co.olo,  for  lorth.r  dolodr. 

- - 

—  branches  ^  fiticnc* 

iistiR  •  »n»»u  •  *  ******* 


DONGAN  ELECTRIC  MANUFACTURING  CO. 

2977  Franklin  Detroit  7.  Mich. 

"The  Oeegoa  Urn*  Slace  ItOt" 


IF  lo.  get  let  now  on  the 
type  of  transformer  you 
will  need  in  order  to  insure 
that  your  new  product  will 
function  properly.  Far-sighted 
manufacturers  already  henre 
their  plans  for  adronced  cmd 
are  ready  to  snap  into  pro¬ 
duction  immediately  upon  the 
return  of  peace. 


Write  Ua  As  to  Your  Particular 
Beguirements. 


OrVGAlX 

IRANSFORMERS 


■  WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 

Zopker  offer*  prompt  service  on  Insuleting  Compounds  for 
e  wide  veriety  of  eiectricel  epplicetions,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS.  COILS,  power 
pecks,  pot  heeds,  sockets,  wiring  devices,  wet  end  dry  betteries,  etc. 

Also  WAX  SATURATORS  for  brelded  wire  end  tape.  WAXES  for 
radio  pert*. 

Spedel  compounds  medo  to  your  order. 

ZOPHAR  MILLS  INC. 

130-26tli  St.  Brooklyn,  N.  Y. 

FOUNDED  1144 
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part  of  most  electronic  apparatus  is  j 
a  means  to  an  end,  one  link  in  a 
chain,  but  neither  the  beginning  nor 
the  end.  Hence,  for  useful  engineer¬ 
ing  application,  the  foregoing  func¬ 
tions  of  electronics  are  not  complete. 
They  must  be  supplemented  by  non¬ 
electronic  conversion  devices  at  the 
beginning  and  end  of  the  chain.  Thus 
in  a  large  number  of  control  and 
measurement  applications  a  stimu¬ 
lus,  which  is  often  nonelectrical  in 
nature  must  be  made  to  actuate  some 
device  such  as  a  meter,  motor,  or 
solenoid  valve  which  gives  an  indica¬ 
tion  of  output  suitable  as  a  measure 
or  for  control.  Typical  systems  of 
components  in  electronic  devices  are  j 
shown  in  Fig.  1.  Hence  the  electrical  I 
problem  of  conversion  of  such  stimuli 
as  light,  temperature,  level,  pH,  posi¬ 
tion,  elongation,  and  vibration  into 
an  electrical  quantity  suitable  for 
operation  of  the  electronic  device  is 
an  important  problem  in  this  field 
of  electronic  applications.  Corre¬ 
spondingly,  the  conversion  of  the 
electrical  output  of  the  electronic  i 
system  so  as  to  obtain  a  chart,  pointer 
movement,  or  shaft  rotation  is  also  an 
important  problem.  Many  of^hese 
conversion  problems,  and  the  behavior 
of  the  corresponding  conversion  de¬ 
vices,  are  discussed  in  the  work  on 
electrical  implementation.  Others  i 
are  treated  in  electronic  control  and 
measurement. 

/  An  example  of  an  electronic  meas¬ 
uring  instrument  containing  a  num¬ 
ber  of  functional  elements  is  a  par¬ 
ticular  recording  potentiometer.  In 
this  device  a  voltage  derived  from  a 
source  such  as  a  thermocouple  drives 
a  motor  which,  in  turn,  operates  a 
slidewire  so  as  to  maintain  balance  in 
the  potentiometer  circuit.  For  ease 
of  amplification,  the  unbalanced  di¬ 
rect  voltage  of  the  potentiometer  is 
first  converted  to  alternating  current 
through  modulation  by  a  time-vary¬ 
ing  resistor — a  carbon-button  micro¬ 
phone  vibrated  by  a  60-cycle-per- 
second  solenoid.  An  alternating-cur- 
rent  amplifier  supplied  by  a  rectified- 
power  supply  amplifies  the  converted 
unbalanced  voltage.  Before  it  can 
operate  the  direct-current  motor, 
however,  the  amplified  unbalanced 
voltage  must  be  reconverted  to  di¬ 
rect  current.  This  conversion  is  ac¬ 
complished  by  a  pair  of  thyratrons 
acting  as  grid-controlled  rectifiers. 
By  this  chain  of  elements,  balance  is 
accomplished  with  a  speed  that  is  not 
even  approached  by  nonelectronic  re- 


mim  TANKS 
HETREATIMi” 


New  War  Techniques 
Will  Improve  Pra^Time 


At  •▼•ry  critical  point,  "Surco- American' 
high  quolity  insulation  is  contributing  to  the 
victory  which  is  coming  closer  and  closer  . 
li  you  need  flexible  plastic  tubing  in  inside 
diameters  from  .005"  to  2"  or  insulated  wir* 
which  will  stand'  extremes  in  temperature 
get  in  touch  with  us.  We  have  ever  2S 
formulations  to  meet  the  most  exocting  speci¬ 
fications  .  .  .  and  we  also  make  insulating 
tapes  of  all  kinds  as  well  as  extruded  and 
molded  plastic  parts. 

Liltraturt  and  iampits  on  rr^unt. 

Address  Dept.  A-l 


TRANSFORMERS 


Military  demands  have  condensed  two 
decades  of  electronics  progress  into 
two  years  — into  developments  that 
will  mean  supterior  Peerless  Trans¬ 
formers  when-the  war  is  over. 

Peerless  Transformers  already  embody 
such  features  as  the  exclusive  Vac- 
Sealing  process,  hermetic  sealing,  new 
compound  treatment,  more  lasting 
finishes  and  an  improved  winding 
technique.  Plant  facilities  have  grown 
and  new  die  making  machines  add  to 
production  —  all  ready  for  your  needs 
when  peace  comes  again. 

Peerless  Stock  Transformers  are  available 
in  a  wide  range  of  designs  and  capa¬ 
cities. ..Special  Transformers  will  be 
built  to  your  specifications. 


ELECTRICAL  INSULATION  CO. 

84  Purchase  St.  Boston.  Mass. 
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WANTED 

Physicist 


With  thorougli  knowledge  of 
theory  and  modern  practice  in 
field  of  electro-magnetism 

Must  be  able  to  plan  and  per¬ 
form  precision  tests  and  meas¬ 
urements 

Research  experience  in  mag¬ 
netic  materials  desirable 

Excellent  present  and  post-var 
opportunity  with  fast  growing 
New  York  City  concern 

Remuneration  ample  .  .  Please 
apply  by  writing 


"There  is  a  Peerless 
Quality  Transformer 
for  ivery  Purpose" 


Write  for  ' 

complete  specifications 
^  and  catalog 
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iing  potentiometers.  The  operat- 
parts  of  such  a  potentiometer  are 
vn  in  Fig.  2. 

Electrical  Implemaatatien 

n  the  subject  electrical  implemen- 
on,  the  over-all  behavior  of  sys- 
is  involving  electrical  and  non- 
trical  interrelations,  including 
ninal  or  internal  energy  conver-  j 
are  analyzed.  The  systems  ex- 
led  may  or  may  not  contain  elec- 
ic  elements.  Many  systems  are  , 
led  by  the  use  of  electric-circuit  | 
logics  and  models.  This  method 
be  used  for  any  problem  the 
stions  of  which  may  be  taken  to 
resent  electric-circuit  equations  ! 
Uy  by  proper  redefinition  of  sym- 
The  method  of  electric-circuit 
Sngy  is  not  used  exclusively,  be-  | 
Le  it  cannot  be  applied  to  all  types 
Ublems  encountered,  and  because 
t  not  alwa3r8  advantageous  even 
[n  applicable.  However,  the  situ- 
[ns  in  which  the  method  is  both 
licable  and  advantageous  are  so 
lerous  that  substantial  emphasis 
he  method  seems  warranted.  '  * 
he  method  of  electric-circuit  an- 
y  can  be  applied  to  problems  in 
hanics,  hydraulics,  heat  flow,  ac- 
itics,  and  especially  to  problems 
rein  electrical  and  nonelectrical 
nomena  are  interrelated.  Exam- 
include  the  mechanical  behavior 
turboaltemators,  of  spring-and- 
:k-ab8orber  systems,  of  governors 
other  control  mechanisms;  the 
'  of  water  or  other  liquid.s  in 
m;  the  flow  of  heat  in  walls  of 
Idings,  furnaces,  or  ovens;  the 
Ign  of  sound-recording  and  sound- 
roducing  apparatus;  the  trans- 
aion  of  sound  in  tubes;  the  be- 
ior  of  various  electrical  or  me¬ 
dical  instruments  and  relays,  in- 
:ng  seismographs;  the  behavior 
magnetostriction  oscillators  and 
‘-'electric  crystals.  The  method  is 
ially  advantageous  when  it  can 
used  to  analyze  the  over-all  be- 
:  T  of  an  electromechanical,  elec- 
dermal.  or  electrothermomechani- 
.'Vstt'"'  consisting  of  a  chain  of 
ous  devices. 

ise  analysis  of  a  purely  nonelec- 
1  problem  by  the  method  of  elec- 
irruit  analogy  has  no  advan- 
beyond  an  apparent  clarifica- 
from  the  point  of  view  of  one 
It  i:  to  think  in  terms  of  electric- 
it  quantities  rather  than  in 
'  of  analogous  nonelectrical 


^^nnouncin^  OIL  &  WAX  IMPREGNATED 

CAPACITORS 

GLENN-ROBEBTS 

Glenn-Roberts  is  a  well-established  name  in  the  field 
of  Arc- Welders,  symbolic  of  advanced  engineering 
and  quality  construction. 

No  stranger  to  electronics,  Glenn-Rcherts  for  years 
has  built  capacitors  entirely  for  use  in  G-R  Welders. 
Facilities  now  have  been  expanded  to  permit  the 
^  manufacture  of  custom-built  Glenn-Roberts  Capacitors 
and  electronic  components  on  a  volume  basis. 

This  step  makes  available  to  capacitor  buyers 
several  unique  design  benefits  growing  out  of  17 
years  devoted  to  engineering  and  production  in  this 
highly  specialized  field.  Inquiries  are  invited. 

ELECTRONIC  DIVISION 


GLENN-ROBERTS  COMPANY 

1009  FRUITVALE  AVENUE  2107  ADAMS  STREET 

OAKLAND,  CALIFORNIA  INDIANAPOLIS,  INDIANA 

P.  O.  Box  1814,  Washington,  D.  C. 


BEFORE  AFTER 

bolt  engages  locking  section  of  the  nut  bolt  engages  locking  section  of  the  nut 


THE  IDEAl  RAOIO  FASTENING 

One-piece,  all-metal  construction  gives  eliminate  vibration  noise,  simplifv 
Boots  Self-L(x:king  Nuts  advantages  maintenance  and  assembly,  have  great 
over  all  other  fastenings.  Bcxits  pre-  re-usability,  eliminate  lex: k  -  washers, 
vent  resistance  through  had  contacts,  Our  engineering  department  can  help 
prevent  any  l(X>scning  of  connections,  you  with  your  fastening  problems. 
There's  a  BOOTS  NUT  for  »yry  application 

^1-T0I^^SK*0  nn  C!  ANCHOR 


»B00TS 

BOOTS  AIICBAFT  NOT  COIFOIATION 

CENOAl  OfVICfR,  NEW  CANAAN.  CONNECTICUT 


ANCHOR 
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STANDARD  MOLDING 
CORPORATION,  Dayton,  Ohio 

100%  INJECTION  MOLDING 


quantities,  and  the  possibility  of  c 
cise  diagrammatic  repres»  itation 
the  problem  by  means  of  el  ctrir-- 
cuit  symbols.  For  a  proble.a  wh.  " 
electrical  and  nonelectrical  ph, 
mena  are  interrelated,  analysis 
the  method  of  electric -circuit  ■ 
alogy  has  the  considerable  advanti 
of  reducing  the  problem  to  a  sin 
set  of  terms  and  symbols,  and  a  s 
gle  diagram  by  means  of  which] 
interrelations  can  be  more  read 
visualized  than  from  the  separ 
equations  and  diagrams  for  the  $| 
trical  and  nonelectrical  parts  of 
system.  Analysis  by  the  metl 
of  electric-circuit  analogy  to 
point  of  determining  what  n 
of  electric  circuit  to  use  is  a  preli 
inary  to  the  developmeht  of  an  el 
tric-circuit  model. 


‘Um  PLBSTIC 


SAVE  METAL-- 

IMPROVE  PRODUCT 


SoTing  millions  of  tons  of  war-vital  metal  for  A^ctory  . . .  That's 
the  immensely  important  port  PLASTIC  is  playing  in  helping  to 
win  the  war.  And  in  most  cases  plastic  results  in  better  looking, 
more  satisfoctory  products  when  properly  engineered.  lUxxstrated 
above  is  an  inspection  flash  light  .  .  .  one  of  the  innumerable 
items  on  which  STANDARD  Plastics  have  either  entirely  or  par- 
tioUy  replaced  metaL  Have  you  considered  the  possibility  of  in¬ 
creasing  production  in  your  plont  with  plastics?  We  gladly  offer 
you  the  benefit  of  our  knowledge  and  experience.  Write  us  todoy. 
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In  general,  the  proper  use  of  m 
els  affords  a  comparatively  in 
pensive  means  of  studying  the 
havior  of  expensive  structures  or 
paratus  in  the  design  stage  so  a> 
make  the  ultimate  design  as  near  I 
optimum  attainment  as  is  reasons 
feasible,  or  even  so  as  to  avoid  p 
sible  disaster  in  the  ultimate  ci 
struction.  Models  also  may  be  used 
predict  the  behavior  of  exit'd 
structures  or  apparatus  if 
or  used  under  conditions  that  di 
not  be  risked  on  the  actual  struct 
or  apparatus.  Electric-circuit  m  d 
especially  possess  the  advantages 
cheapness,  flexibility  and  ease  of 
sembly,  ease  of  control  over  test  c 
ditions,  speed  of  response,  and 
curacy  of  measurement.  For  exs 
pie,  the  study  of  heat  losses  fr 
I  buildings  for  various  insulating  i 
I  structural  materials  used  in  vari> 
I  combinations  and  distributions 
j  der  various  temperature  condition; 
j  prohibitively  costly  of  time,  laL 
and  materials  if  carried  out  on  act 
full-sized  buildings,  and  is  larg 
dependent  on  weather  for  temK 
ture  conditions.  The  use  of  their 
models  reduces  the  time,  labor,  a 
material  requirements  very  sub- 
tially ;  but  even  so,  the  thermal  m 
presents  certain  intracacies  of  c( 
struction,  lack  of  flexibility  in 
sembly,  sluggishness  of  tempera'! 
control  and  response,  and  rlifficub 
of  measurement  largely  absent  ini 
electric-circuit  model.  The  elec ' 
circuit  model  consists  merely 
collection  of  resistors  and  <  anar" 
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FUSED  QUARTZ  INSULATORS 
AS  USED  IN  ELEaRONIC  TUBES 


HIGH  SURFACE  RESISTANCE 
AT  ELEVATED  TEMPERATURES 
NON-HYGROSCOPIC 
NOT  SUBJECT  TO  THERMAL  SHOCK 
FABRICATED  TO  REQUIRED  SHAPE 


QUARTZ  MERCURY  ARC  LAMPS 
BLACK  LIGHT  EQUIPMENT 
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that  can  be  readily  connected  in  var¬ 
ious  combinations  according  to  the 
requirements  of  the  problem,  and 
associated  current  or  voltage  sources, 
voltmeters,  ammeters  or  oscillo¬ 
graphs.  Measurements  of  electrical 
transients  can  be  made  in  a  fraction 
of  a  second,  and  the  electric  circuit 
measurements  in  several  minutes.  ' 

.  The  circuit  of  Fig.  3  can  be  used  to  1 
study  the  thermal  behavior  of  a  house 
in  considerable  detail.  Through  in¬ 
troduction  of  grosser  approxima-  j 
tions,  ihe  circuit  can  be  considerably  j 
simplified,  but  simplification  to  the 
extent  that  makes  analytic  solution 
practical  discards  the  possibility  of 
obtaining  considerable  valuable  in¬ 
formation,  and  affords  no  advantage 
that  could  not  be  derived  from  an 
analytic  attack  directly  in  thermal 
terms.  Therefore,  the  use  of  an  elec-  j 
tric-circuit  model  is  desirable.  The  I 
principles  of  behavior  of  the  resis¬ 
tance-capacitance  network  are  ele¬ 
mentary,  but  the  design  of  voltage 
and  current  sources  and  proper 
switching  devices  for  simulating  the 
outdoor  and  indoor  temperature  vari¬ 
ation  or  heat  supply,  and  the  prob¬ 
lems  of  measurement  require  con¬ 
siderable  ingenuity  and  may  well  in¬ 
volve  electronic  devices.  Here  then 
is  a  simple  example  of  a  problem 
fundamentally  of  a  nonelectrical  na¬ 
ture  advantageously  attacked  by  the 
method  of  electric-circuit  analogy 
and  the  use  of  laboratory  models  in¬ 
volving  electronic  devices. 

In  both  of  the  subjects  outlined, 
commercial  apparatus  is  used  to  a 
considerable  extent  for  the  illustra¬ 
tion  of  principles.  However,  the  ob¬ 
jective  is  not  a  study  of  commercial 
apparatus,  which  may  be  outmoded 
in  a  few  years,  but  is  the  study  of 
the  functions  which  the  devices  may 
serve,  and  the  characteristics  and 
limitations  of  the  devices  in  serving 
these  functions.  This  study  is  car¬ 
ried  on  not  only  analytically,  but  also 
experimentally.  In  the  laboratory, 
initiative,  resourcefulness,  and  a  feel¬ 
ing  for  experimental  solution  are  de¬ 
veloped  in  the  student  through  en¬ 
couraging  him  to  plan  his  own  pro- 
;  gram  of  experiments. 

:  Increased  use  of  representative 

I  commercial  electronic  apparatus  is 
contemplated  as  a  further  develop¬ 
ment  as  soon  as  possible  but  always 
from  the  point  of  view  that  the  basic 
principles  involved  constitute  the 
kernels  likely  to  be  of  lasting  scien¬ 
tific  importance. 
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Theory  and  Applications 
— For  the  Radio  and  Com¬ 
munications  Engineer 

This  book  presents  the  theory  of  electromag¬ 
netic  wares,  for  practical  purposes  and  prac¬ 
tical  ends.  It  gives  the  mM 

engineer  answers  to  fun-  /JZ' 
damental  questions  re- 
garding  radiation,  wave 
propagation  in  ordinary 
transmission  lines  and 
in  high  fr^uency  ware 
guides,  cavity  resonators, 
electric  horns,  and  many 
other  imponant  topics. 

For  those  engaged 
mathematical  research  it 
provides  numerous  equa- 
tions  which  can  serve  as 
points  of  departure  in 
solving  new  problems. 

Yet,  mathematics 

used  freely,  de- 

velqped  in  a  simple  and 
straightforward  way  that 
should  he  readily  compre- 
hcmible  anyone 
miliar  with  iunior  col- 


As  airpUtnf’  depends  on  this. 


.  >«■  fine  precision-machined  piece.s  ride 
.  skies  all  over  the  world.  They  are  only 
luall  part  of  Uncle  Sam’s  swnft-moving 
of  the  air— but  a  vital  part.  They 
j  machined  at  Ace  from  rough  forgings 
highly  accurate  finished  pieces.  The 
ling  of  the  threads,  as  well  as  the 
ing  and  grinding  of  the  various 
.-letf-rs,  must  be  held  to  exceptionally 
Ke  tolerances  .  .  .  and,  if  you  look 
-<  ly,  you’ll  see  an  .060*  diameter  hole 
Hid  through  the  thickness  of  the  head. 
The  ability  to  do  highly  accurate 
;  hining  and  grinding  .  .  .  and  to  do  it 
1  a  mass  production  basis  ...  is  an 
.‘ompli.shmcnt  this  war  has  taught  us. 
hiay,  when  you  need  small  parts  or 
«  mblics  come  to  Ace,  and  we  will  try’  to 
,  them  in  with  our  present  production, 
lie  you’ll  find  not  only  the  modem 
r  i-ion  machinery,  but  the  .skill,  the 
l  Uruuiul,  and  the  ingenuity  to  use 
machines  to  get  the  required  results. 
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TV  Ace  story  on 
wiU  interest  yon. 


recision  work 
•nd  for  a  ropy. 


D.  VAN  NOSTIAND  COMPANY.  INC. 

250  Fourtli  Ava..  Naw  Tark  10,  N.  V. 

Send  me  ELBCTRO-MAONimC  WAVES,  by 
Schelkunoff,  on  S  DATS'  FREE  APPROVAL.  At 
the  end  of  6  daye,  I  wUl  return  the  book  or  tend 
you  $7.50  in  full  payment. 
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(Continued  from  page  1  >7) 


^  a  DOCTOR 

WORLD  FAMOUS  DEVICE 
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minimum  value  for  G.  (the  air  ga 
when  energized)  recommended  b 
the  manufacturer  for  the  conditim 
of  the  problem.  The  G,  line  rna 
therefore  be  drawn  at  this  poir 
If  there  is  a  definite  requirement  f( 
drop  out,  mark  off  on  line  G,  b 
point  where  it  is  crossed  by  the  cm 
for  desired  drop  out  power,  an 
draw  horizontally  through  this  poia 
the  line  representing  the  force  o 
the  spring,  which  will  be  set  to  thi 
value. 

Bear  in  mind  that  what  we  hav 
done  in  drawing  G,  at  a  partic ula 
point  is  to  say  where  we  shall  s( 
the  normally  open  contact,  and  henci 
how  close  to  the  core  we  shall  alloi 
the  armature  to  travel.  Furihei 
in  deciding  on  the  drop  out  valui 
we  have  said  that  with  the  arma 
ture  in  this  particular  position,  th 
spring  shall  be  adjusted  to  a  valu 
such  as  to  equal  the  magnetic  fore 
at  the  specified  drop  out  value,  s 
that  when  the  power  falls  below  thi 
value,  the  spring  will  restore  th 
armature  to  its  normal  position. 

Where  shall  the  normal  positic 
G,  be?  It  must  first  be  far  enoug 
away  from  the  G,  value  to  permi 
the  contact  separation  demanded  I 
the  particular  problem.  In  additio; 
as  long  as  the  spring  is  not  agai 
changed, 


one/  the  founding  of  a  business  that  is  playing 
a  vital  part  in  ELECTRONICS  for  war 


One  day  back  in  the  80*s,  William  Cray  had  to  call  the 
doctor  for  his  wife,  critically  ill.  The  handiest  phone  was 
in  a  nearby  factory,  but  permission  to  use  it  was  obtained 
only  after  appealing  to  a  company  oflBcial.  Proffered  pay¬ 
ment  for  the  call  was  curtly  waved  aside. 

After  this  unpleasant  experience,  Cray  set  out  to  devise 
some  method  by  which  the  general  public  could  at  all 
times  have  easy  access  to  a  phone.  The  result  was  his 
invention  of  the  telephone  pay  station,  and  the  founding 
of  a  business  that  has  taken  a  leading  part  in  electro¬ 
mechanical  progress  for  the  past  50  years. 

So  when  the  war  came,  we  had  the  technical  skill  anu 
manufacturing  facilities  for  providing  the  high-precision 
electro-mechanical  devices  essential  to  our  armed  forces 
.  .  .  Large  quantities  of  ELECT ROyiC  equipment  have 
been  designed  and  manufactured  in  our  plant,  as  well  as 
equipment  for  wire  communication  and  sound  recording. 

When  Victory  is  won,  you  can  likewise  look  to  Cray 
for  new  advancements  in  electro-mechanical  products  — 
and  in  electronics,  which  promises  to  play  such  an  im¬ 
portant  part  in  peace-time  developments. 


An  Invitation  to 
MANUFACTURERS 
and  INVENTORS 

Have  you  an  idea  or  Invention  in 
electro  mechanics  which  you  think 
will  aid  the  war  effort,  or  which 
haspeace-timeapplication?  We'll 
be  glad  to  develop  it  with  you  on 
a  mutually  satisfactory  basis. 

We  are  planning  to  add  5  or  6 
products  to  our  post-war  line.  If 
you  have  a  product  or  idea 
which  you  believe  would  fit  in 
with  our  activities,  write  our 
President,  Mr,  W.  E.  Ditmars  in 
complete  detail.  We  will  consider 
any  practical-arrangement. 
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Makers  of  telephone  pay 
stations  since  1891 


HARTFORD,  CONNECTICUT 
230  PARK  AVE.,  NEW  YORK 


position  Gn  controls  tl 
value  of  power  at  which  the  rels 
Pull  on  will  occur  at  tf 


pulls  on. 

value  of  power  corresponding  to  th 
curve  which  goes -through  the  inte: 
section  of  the  spring  line  and  G,  lini 
Having  drawn  the  G,  line,  ther 
remains  only  to  complete  the  cycl 
by  drawing  in  the  curves  corre; 
ponding  to  pull  on  and  drop  oj 
values,  in  case  either  or  both  ar 
interpolated  values. 

3.  Inspection  of  this  cycle  wi 
disclose  whether  the  requirement 
In  case  the; 


WITH  REMOTE  CONTROL 


POWERSTAT  Motor  Driven  Variable  Transformers  were  pioneered  by  SECO.  The 
engineers  of  Superior  Electric  Company  have  developed  the  only  Motor  Driven 
Variable  I  ransformer  having  the  features  of 

(a)  Simple  drive  —  no  complicated  gearing. 

(b)  Precise  stopping  when  motor  is  de-energized,  eliminating  hunting 
and  overshooting. 

(c)  Incorporation  of  a  specially  designed  motor  requiring  no  limit 
switches  for  protection  when  stalled. 

For  precise,  simple  control  of  AC  power  with  automatic  or  push-button  operation 
specify  Motor  Driven  POWERSTAT  Variable  Transformers. 

Stnd for  BuUttinr:  149  LE  -  POWERSTATS  —  163  LE  -  Voltage  Regulators 


of  the  problem  are  met. 
are  not  (suppose,  for  example,  irale 
quate  contact  pressure  exists  in; 
mediately  after  drop  out),  the  ;  = 
sible  remedies  will  usually  be  ob 
The  most  important  thing  i 


Th«  opei 
an  elect 
burgh  p] 
&  Manui 
os  this  ' 
•lectronii 
user.  Tl 
"sewing 
making  j 
to  one  ( 


SUPERIOR  ELECTRIC  COMPANY 

32  LAUREL  STREET  e  BRISTOL,  CONNECTICUT 


VIOUS, 

that  the  exact  effect  of  any  O'n 
of  any  particular  adjustment 
be  read  off  the  graph  as  soon  as 
tative  values  for  some  of  the  ot 
are  chosen. 
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MONARCH  MFC.  CO. 

2014  N. .Major  Ave.  Chicago,  III 
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Though  manufactured  by  modern  high-speed  methods. 
Par-Metal  products  have  a  definite  quality  of 
craftsmanship  —  that  ‘‘hand-made”  quality  which  is 
born  of  years  of  specialization. 


32-62— 49th  STREET  .  .  .  LONG  ISLAND  CITY.  N.  Y. 

Export  Dept.  100  Vorick  St.,  N.  Y.  C. 


In  the  adjustment  of  a  sensitive 
relay  there  are  five  main  variables 
which  may  be  “independent.”  That 
is,  any  three  of  them  which  will  lo¬ 
cate  two  points  on  a  cycle  can  be 
chosen  independently  and  will  fix 
the  other  two,  subject  to  deviations 
of  individual  relays  from  the  per¬ 
formance  of  the  one  for  which  the 
curves  are  plotted. 


Specifying  a  Relay  Adjustment 

The  five  variables  are;  1.  Pull  on; 
2. Drop  out;  3.  Spring  force;  4.  Mini¬ 
mum  pole  gap  (G.) ;  5.  Armature 
travel  or  contact  gap  (G„  —  G.  = 
Travel). 

Having  specified  to  appropriate 
tolerances  the  values  for  three  vari¬ 
ables  from  the  list,  one  may  ask  a 
relay  manufacturer  to  recommend 
iuitable  values  for  permissible  vari¬ 
ation  of  the  other  two.  In  any  case. 


with  that  extra  note  of  perfection, 
for  radio  and  electronics  work 


N»w,  in  war-tim*,  Monarrh’s  ■p«4‘ial  rallbratinw  «K|nlpineni.  teHtInw  and 
Instrumenta  are  performinw  Berrlce*  even  more  vital  than  in  peace¬ 
time,  for  manDfaeturem  of  radio  and  eleetronic  device*. 

Perhapa  we  can  solve  YOl'R  problem,  whether  it  i*  concerned  with  tcatinc 
eanipment.  Hpeclal  coil*,  or  almost  any  type  of  small  machine  part.  We  will 
wcloom^^our  inquiry,  without  any  obliKation  from  yon. 


ELECTRONIC  STITCHING 
MACHINE 


Wrife  /or 
Catalogue 
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Exclusively 


uis  operator  is  shown  placing  a  tuba  into 
an  electronic  welding  timer  at  the  Pitts¬ 
burgh  plant  oi  the  Westingbonse  Electric 
&  Mar.uiacturing  Co.  "Package  units"  such 
os  thij  welder  have  done  much  to  bring 
•lecircnics  to  the  attention  of  the  industrial 
user.  Ths  welder  has  been  likened  to  a 
sewing  machine"  and  the  spot  welds  for 
making  sheets  of  aluminum  or  steel  adhere 
to  one  another  have  been  likened  to  the 
stitches 
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D-C  Motor  Control 


(Continued  from  page  133 


tne  reverse  aireciiun  irom  mat  in 
which  the  motor  is  then  rotating. 
The  control  will  cause  the  armature 
circuit  to  be  reversed,  the  thyratron 
tubes  to  act  as  inverters,  and  the  ro¬ 
tational  energy  of  the  motor  and  its 
load  to  be  pumped  back  into  the  a-c 
system  just  as  on  a  normal  reversal, 
except  that  as  the  motor  speed  passes 
through  zero,  the  armature  thyra- 
trons  will  be  turned  off  completely 
and  the  motor  will  remain  at  zero 
speed.  If  the  motor  is  driving  a  high- 
inertia  load  and  is  being  stopped 
from  a  high  speed,  the  armature 
tubes  might  not  be  cut  off  exactly 
when  the  motor  speed  reaches  zero 
and  the  shaft  might  make  one  or  two 
rotations  in  the  opposite  direction 
before  coming  to  rest.  In  this  case, 
a  slight  modification  of  the  control 
scheme  will  cut  off  the  thyratrons 
slightly  ahead  of  zero  speed  to  antici¬ 
pate  stopping  at  zero  speed. 

Dyaamic  Broking  to  a.  Stop 

When  it  is  desired  to  stop  the  ar¬ 
mature  more  quickly  than  it  would 
naturally  coast  to  a  stop,  either  a 
mechanical  brake  or  dynamic  brak¬ 
ing,  or  both,  can  be  used.  Dynamic 
braking  consists  of  disconnecting  the 
armature  from  the  d-c  supply,  which 
is  done  by  phasing  the  armature  thy¬ 
ratrons  full  OFF  or  by  opening  the 
circuit  of  the  reversing  contactors 
and  connecting  a  resistor  across  the 
armature  terminals  so  that  the  gen¬ 
erator  action  of  the  motor  (its  field 
must  be  excited)  will  dissipate  its 
mechanical  energy  in  the  form  of 
electrical  watts  of  heat  in  the  resis¬ 
tor  and  thereby  decelerate  the  motor. 
It  should  be  remembered  that  at  first 
the  braking  action  is  greatest  when 
the  armature  voltage  and  current  are 
greatest;  but  it  falls  off  quickly  as 
the  motor  speed  decreases  and  arma¬ 
ture  voltage  cannot  be  maintained  at 
these  high  levels.  It  is  the  mechani¬ 
cal  friction  which  finally  stops  the 
armature. 

Rapid  Daceleratiea,  High  Sp««d^  to  Lew 
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Rotinqs  irom 
350  to  35,000 
watts.  50  to 
SOO  cyclos,  110 
to  660  Tolts, 
A.C.  —  6  to 
4000  Tolts, 
D.C.  Also  dual 
A.C.  and  D.C. 
output  typos. 
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iLECTBlCITY  for  ANY  JOB-ANYWIEBE 


-^OMAN  GASOLINE  DRIVEN  ELECTRIC  GENERATING  PLANTS  provldo 
•loctricity  for  many  oloctronics  ]obs.  gonoral  appliccrtions,  and  for  omorgoncy 
sonrleo. 

Thoy'ro  doing  a  war  winning  fob  today,  furnishing  vital  powor  and  light  for 
scoros  of  wor  tosks  on  oil  the  fighting  fronts. 

Tour  inquiry  rogording  present  or  post-war  neods  for  OMAN  Electric  Generat¬ 
ing  Plants  will  get  prompt  attention. 
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Speed  ia  the  Same  Direetion 

Some  applications,  like  those  in¬ 
volving  high-production  processes 
where  time  is  valuable,  or  profile  fol- 
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lowing  where  quick  response  to  a 
jignal  is  important,  make  necessary 
g  rapid  decrease  of  speed,  following 
g  signal  calling  for  operation  at  a 
lower  speed  level. 

In  many  instances,  it  is  only  neces- 
jary  to  apply  dynamic  braking  until 
the  lower  speed  is  reached,  and  then 
remove  the  braking  effect.  This  can 
he  accomplished  quite  simply  by  a 
triode  (tube  K  of  the  “Quick  slow- 
iown  circuit”  of  Fig.  S)  which  con¬ 
trols  a  small  relay  (CR,  in  Fig.  3) 
whose  contacts'  (normally-open,  in 
this  instance)  control  a  dynamic¬ 
braking  contactor  (DB)  for  the  ar¬ 
mature  circuit.  This  added  triode, 
tube  K,  takes  a  measure  of  the  sig¬ 
nal  voltage  applied  to  the  grid  of 
tiibe  D  which  controls  the  saturation 
jf  the  armature  saturable  reactor. 
Aince  tube  D  is  turned  off  by  a  signal 
which  calls  for  a  lower  armature 
.ullage  (as  by  turning  the  armature 
voltage  control  potentiometer  to  a 
iuwer-speed  position  or  switching  to 
a  similar  potentiometer  preset  for  a 
lower  speed)  and  stays  off  until  the 
armature  voltage  has  reached  the 
new,  lower  level,  so  too,  will  tube  K 
do  likewise  except  that  the  added 
positive  bias  which  separates  the 
grid  of  tube  K  from  the  grid  of  tube 
D  causes  tube  K  to  be  a  little  more 
turned-on  than  tube  D  so  that  its 
relay  will  not  be  chattering  during 
the  normal  operation  of  tube  D. 

A  signal  which  calls  for  a  slower 
speed  will  turn  off  tube  K,  drop  out 
drop  out  DB  and  apply  dynamic 
braking  via  the  contacts  of  DB  (nor¬ 
mally-closed,  in  this  instance)  and 
the  dynamic-braking  resistor  DBR, 
and  will  have  already  cut  off  the  ar¬ 
mature  thyratrons.  When  the  speed 
has  been  decelerated  to  the  new,  low 
level,  the  armature  voltage  will  once 
again  cause  tubes  D  and  K  to  con¬ 
duct  current  in  a  normal  manner  so 
as  to  energize  relay  C/?,  and  discon¬ 
tinue  dynamic  braking,  and  at  the 
same  time  turn  on  the  thyratron 
■  ibes  by  the  proper  amount  to  drive 
the  motor  at  the  new  speed  level. 


All  our  efforts  are  focused  on  the  job  of  main¬ 
taining  the  highest  in  quality  while  delivering 
the  maximum  number  of  Precision  Instruments 
to  the  Fighting  Front .  .  .  THIS  IS  OUR 
ATTACK ! . . .  We  will  keep  at  it,  without  pause, 
until  Victory  Is  Won. 


RADIO 


BOONTO 


DESIGNERS  AND  MANtJFACTrRER  S  OF  THE  0  METER  AND  OTHER 
DIRECT  READING  INSTRCMENTS  FOR  PRECISION  MEASl'RING 


J  lAGABl  1 

'iBbri-tact''  Rheostats 


Applieotioa  to  MG  S*t  Drivcc 

For  motors  of  60-  to  400-hp  rating 
and  above,  it  is  practicable  to  modify 
this  equipment  so  that  the  thyratron 
functions  associated  with  variable 
armature  excitation  of  a  1-  or  3-hp 
hnntor  can,  instead,  provide  field  ex¬ 
citation  for  the  generator;  the  thy- 
jratro’  functions  associated  with  the 
jvariai  le  field  excitation  of  the  small 
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/  o  give  you 

A  working  knowledge 
of  radio  operating 
principles  and  practice 


CONTACTS 


FOR  THE  FIELD  OF  ELECTRONICS 


KIRKLAND 
INDICATING  LIGHT 


This  is  a  textbook  for  prospective  and  ex¬ 
perienced  radio  operators  of  all  classes.  It 
effectively  fuses  theoretical  radio  principles 
and  practical  radio  operating  into  a  well- 
balanced  source  of  radio  instruction  ma¬ 
terial  for  home  study  and  radio  school  pur¬ 
poses.  The  student  will  find  this  book 
to  be  a  complete  course  in  radio  operating 
and  thorough  preparation  for  all  operator's 
license  examinations.  To  the  experienced 
radio  operator  or  station  technician,  it 
brings  the  information  on  advances  in  ra¬ 
dio  technology  necessary  to  prepare  him 
for  progress  and  a  better  job. 

JUST  PUBLISHED 

Nilson  and  Hornung's 

PRACTICAL 

RADIO 

COMMUNICATION 

Second  edition. 

927  pnges,  535  illnttrafions,  $6.00 

O  IncIvdM  v»rT-hiqh  emd  ultra-high  irequenctM 
and  FroguracT  Modulation 
O  CoTora  all  radio  oporotor'a  licoaao  roguiro- 
aMula  for  all  clouo*  of  licons# 

O  CoTota  trouamitting,  racaiviag.  and  pawar 
gauarotiug  opporatua  for  all  tr^a  of  atatiana 
o  Inelndaa  marina  and  aaroaoutical  radio,  and 
broadaoating — atudia  and  control-room  aguip- 
mant  and  oparotion 

O  Dividad  into  4  diatinet  porta,  it  anablas  study 
af  radio  priaciplas  pliu  any  apacial  branch 
of  radio;  also  providas  a  rasarroir  of  addi- 
timai  matarial  for  futura  axpanaion  to  othar 
branchas  of  radio  communication 
O  Written  in  simpia,  coneiaa  styia,  with  many 
illuatrotlont,  and  ciaar  diagrams 

Be  snre  to  see  this  NEW  ENLARGED 
2nd  EDITION 

20%  larger  than  the  first  edition  with  the  addi¬ 
tion  of  new  material;  over  200  new  illustrations; 
brought  right  up-to-tha-minnta  oa  latest  radio 
equipment  and  advances;  largely  rewritten, 
with  improved  arrangement  of  data. 


The  socket  U 
the  thing  that 
mokes  the  big 
dHlerenet 


TYPE  BS-A 


A  molded  boksUt* 
socket,  with  a  1/4’' 
Inaulatioa  barrier 
and  two  1-32  ter¬ 
minal  screws  with 


*MS  UbK  Appraead 

Distributed  KationaUy  By 

GRAYBAR  ELECTRIC  CO. 

H.  R.  KIRKLAND  CO.  MORRISTOWN,  N.  J. 


M-UHI-A 

and  athar  apNInaMe  eneelBeatleas 

PROMPT  ORLIVBRTI 


MICROMETER  , 

FREQUENCY 

tfon  I.S  t#  SC  Ml 
““TtR  within  0.01  p«r  mi 

LAMPKIN  LABORATORIES 


EXAMINE  IT  FREE! 


10  days' 
axamiaation 

on 

approval 


Professional  Services 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 

ComplMe  Oenerel  Electronloe 

Laboratory  Oommunlcetioiu 

and  Shop  Electro  Blolosy 

FaclUUea  Patent  Derelopment 

G309  31th  Are.  Kenosha,  Wia. 

Telephone  2-4213 


j.  L.  A.  McLaughlin 

Designer  of 

Communications  Receivers 
P.  O.  Box  529,  Lajolla,  Calif. 


McGraw-Hill  Bask  Ca..  330  W.  42nd  St..  New  York 
18.  N.  Y. 

Send  me  Vlleoa  and  Homuna'i  PRACTICAL 
BADIO  COMMUMICATION  for  10  dayi’  ezamins- 
tion  on  appru.sL  In  10  days  I  will  send  you  $6.00 
ploi  few  eeni.s  postage,  or  return  book  postpaid. 
(We  i>ay  poetaga  cu  cash  orders.) 


WOODWARD  It  KEEL 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 
Electrical  and  Mechanical  lingineerins  Problems 
Instruments  and  Control  Berlccs  Electronics 
Specialists  in  Colorimetry,  Spectophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
202  Darby  Read  Llanerch,  Pa. 

Phorre  Hilltop  6910 


Consulting  Engineers 
Industrial  Electronics 
&  Communications 
6306  Bellona  Ave.,  Baltimore,  Md. 


■  Addreas  . 

■  City  and  State. 

■  Foaltlon  . 

■  Oompany  . 
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MICA  CONDENSERS— 

Horriaan  has 

203,520 

FILTER  CAPACITORS— 

Harrison  has 

37,460 

TRANSFORMERS— 

Harrison  has 

2,170 

TUBES— 

Harrison  has 

26,540 

RESISTORS— 

Harrison  has 

59,271 

OTHER  ELECTRONIC  SUPPILES— 

:  j  Harrison  lias 

plonfyl  1 

1  FOR  IhtMBDIATl  OELfVERr 

1  HARRISON  RADIO  CORP. 

'1  12  West  Broadway  •  New  York  City 

:  Phone  WOrth  2-6276 

i  ^  m  M,  —  . 

1 

CRYSTALS  by 


THf  BIRTCHER  CORPORATION 


om*  RADAR  PARTS 

5087  HUNTINOTON  OR.  lOS  ANOllfS  33 


Thousands  of  vital  transmitting  installa¬ 
tions  rely  on  the  accuracy  and  dependa¬ 
bility  of  Hi  power  Precision  Crystal 
units.  With  recently  enlarged  facilities, 
Hipower  is  maintaining  greatly  increased 
production  for  all  important  services. 
When  essential  demand  begins  to  return 
to  normal,  Hipower  will  be  glad  to  help 
with  your  crystal  needs.  ' 


HIPOWER  CRYSTAL  CO. 

Salts  Division — 205  W.  Wacktr  Drive,  Chicago 
Factory — 2035  Charleston  Street,  Chicago,  III. 


EnGinEERinc  comPRnv 


THE  MOST  COMPLETE 


CATALOG 
Of  ITS  KIND 


Ci^ta4. 


Strip  Insulated  Wires 

quicker. o.  BETTER 


nSlW  INGWHUING  CO. 


GtlERALCEMEN 


MFC.  CO 


[ckford,  Illinois.  U.S.A 


We  Banufacture  a  complete  line  of  eqaipment 


SPOT  WKLUEK8,  electric,  from  H  to  80  KVA  AC  ABC 

TRANSFORMERS,  spoclal  and  standard  types  WELDERS 

INCANDFiiSCENT  LAMP  monufactunnf  equipment  From  100  to 
FLUORESCENT  TUBE  MAKLNO  F/JUIPMENT  400  Amps 
ELECTIiUNIC  EQUIPMENT,  vacuum  pumps,  etc.  ''  m  41 
WET  GLASS  sllciiu  and  cuttlni  machines  for  laboratory  use 
GENERAL  GLASS  working  raarhines  and  burners 
pnr.T.BnK  GLASS  working  units  (or  ftudenta  and  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  13th  SL  (aaar  Avan  Avs.) _  Newark.  New  Jersey 


grADA' 


ni  STEABT  SOURCE  OF  Oil 
(lECTIUNIC 


I!  *  1,1  WHEN  LOCKED-IN 

\  with  BIRTCHER 

TUBE  CLAMPS 

BiRTCHCR  Stainless  Stael  laching-type  Tube 

Clweips  have  bean  adapted  by  laadinf  buM- 
ert  of  Rodia  and  Radar  as|wipaiaat.  AAode  in 
a  varioly  of  staot  ta  fit  any  sin  bote. 
Pracision  Workmonsbiip. 

ntOMPT  Dl LIVERY 

SAMmS  AND  PRICtS  UPON  RiOUEST 


FACTORY 

SERVICE  DEPT. 

hat  a  large  stock  of  Record 
Changer  Part*.  Alto  replace¬ 
ment  parts  for  all  FAD.\ 
MODELS  as  well  at  a  com¬ 
pletely  equipped  SERVICE 
DEPARTMENT. 


FADA  OF  NEW  YORK 


92t  Iroadwoy,  Now  York,  N.  Y. 

Tel.:  GRaiaaray  7-aMl-t 


Electron  Tube  Machinery 


o/  etrorv  type, — srandord.  and  $perial  ir»ig* 

Spocialists  in  Equipment  for  the  Manufoe- 
tuxa  of  Radio  Tubas,  Cathode  Roy  Tubes, 
Fluoroacent  Lamps,  Incandescent  Lamps, 
IfooB  Tubas,  Photo  Celia,  X-roy  Tubes  and 
other  qloaa  or  oloctronic  products,  oa  pro¬ 
duction  or  laboratory  basis. 


TUNGSTEN  aad  MOLYBDENUM 


Making  a  modoat  but  eHeetive  contribu¬ 
tion  in  Electroniea'  War  aceompUahments. 

H.  CROSS 

15  ■eekmaa  St.  New  York 


I  |fq|%  W  L  I  Transmittars 

ELECTRONIC  APPARATUS 

447  Concord  Ave.  Cambridga,  Mass. 


•IIIREIS  ' 

•ECOMOMIZERS 
•■IXEIS 
•CLASS  ROLLERS 
|•CINIR«l  CUSS 
WOMWC  iOWMINT 


with 

automatic  WIRE  STRIPPER 


Stripj  intulsKon  from  all  typas  of  Jui 
wi^;.5tontly,  eaiily,  perfectly. 

Jurt  pro»  the  handles  and  the  job  > 
'»  dcio.  Cuts  wire  too.  Strips  s, 
•W  to  iOOO  wirei  per  hour.  Avail-  ' 
•bio  for  all  lizo  solid  or  stranded 
«iro«-No.  8  to  No.  30.  List 
ffieo  S6.00. 

Dept.  E  For  Full  Particulars 


TUBULAR  RESISTORS 

PROTECTED  &  UNPROTECTED 

SLIDE-CONTACT  RHEOSTATS 

REX  RHEOSTAT  CO. 

Baldwin,  L.  I.,  N.  Y. 
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motor  can  be  adapted  to  supply  field 
excitation  of  the  large  motor.  Arma¬ 
ture  current  control  (loop  current  in 
this  instance)  becomes  more  com¬ 
plex,  particularly  since  direct  cur¬ 
rent  must  be  measured  directly  and 
its  direction  ascertained  so  as  to  give 
correct  sequence  of  excitation  to  the 
respective  fields  of  generator  and 
motor  during  acceleration  and  decel¬ 
eration.  The  reversing  problem,  too, 
is  more  complicated  because  of  the 
necessity  of  reversing  generator  field 
excitation,  but  all  this  has  been  done. 

Coatrel  Eqaipmant 

A  typical  control  panel  and  push¬ 
button  station  for  a  1-horsepower, 
230-volt  motor  is  shown  in  Fig.  4, 
while  Fig.  6  shows  a  rear  view  of  the 
same  Thy-mo-trol  panel.  The  control 
unit,  or  “brains”,  is  a  separate  sub¬ 
panel  assembly  (Fig.  6)  which  is  at¬ 
tached  to  the  main  panel  and  con¬ 
nected  to  the  circuit  of  the  main 
panel  by  means  of  a  plug-in  connec¬ 
tor.  This  construction  facilitates 
manufacture,  standardization,  and 
maintenance  and  allows  a  very  flex¬ 
ible  combination  of  control  functions 
to  be  provided  to  suit  the  immediate 
needs  of  the  user. 

For  motors  of  higher  horsepower 
ratings,  pol3rphase  power  circuits  are 
employed  so  as  to  distribute  the  mo¬ 
tor  load  among  more  tubes  and  all 
three  phases  of  the  a-c  system.  The 
grid  phase  control  becomes  more  of 
a  problem  during  inversion  but  this 
is  corrected  by  negative  d-c  grid  bias 
voltages  added  to  the  alternating 
voltages  from  the  polyphase  bridge 
phase-shifting  circuits. 

F«t«r«  Trvadt 

Since  thyratron  tubes  are  already 
commutating  armature  current  from 
one  tube  to  another  under  conditions 
of  both  rectification  and  inversion, 
it  is  only  logical  to  expect  that  future 
electronic  drives  will  combine  in  these 
same  thyratrons  the  commutating 
functions  inherent  in  the  d-c  motor 
itself,  so  that  an  a-c  synchronous- 
tjrpe,  commutatorless  motor,  sup¬ 
plied  from  a-c  through  thyratron 
tubes,  will  have  all  the  variable-speed 
characteristics  of  a  d-c  machine 
thyratron  motor. 

Meanwhile,  developments  are  prog¬ 
ressing  towards  the  use  of  ignitron- 
type  tubes  to  provide  armature  ex¬ 
citation  for  motors  of  higher  horse¬ 
power  ratings  than  can  now  be  sup¬ 
plied  from  the  available  hot-cathode 
type  thyratron  tubes. 


SALES  MANAGER 


Experienced  in  radio,  electrical  and  aircraft  industries  wanted 
by  large  and  financially  sound  manufacturer  located  in  Chicago. 

In  your  first  letter  describe  fully  your  experience,  name  your 
post  connections,  and  the  salary  expected.  Your  reply  will  be 
kept  confidential  and  will  be  returned  to  you  upon  request.  Our 
organization  knows  about  this  situation.  Address 


S-W,  565,  Electronics, 
520  No.  Michigan  Ave. 
Chicago  11,  Ill. 


PHYSICIST  WANTED 


(See  Oppoeite  Pace) 


Leading  manufacturer  of  induttrial 
radio  frequency  equipment  deaires  the 
services  of  a  physicist  or  electrical  en¬ 
gineer  to  direct  developmental  and  ap¬ 
plications  laboratory.  This  field  is  ex¬ 
panding  rapidly  and  offers  excellent 
oppor*.unities  for  advancement.  Position 
of  a  permanent  nature.  Present  activities 
devoted  entirely  to  the  War  effort.  Ad¬ 
dress  replies  to 

P-567,  Electronics 

620  No.  Michigan  Ave.,  Chicago  II,  Ill. 


PRODUCTION  CONTROL.  MAN  (Electronics, 
Metal  Manufacturing)  can  ably  assist  grow¬ 
ing  concern  in  its  War  Production.  Bxoeri- 
enced  Industrial  Supervision;  Planning.  Sched¬ 
uling,  Coordinating  Production;  Liaison  Ac¬ 
tivity.  Draft  deferred.  PW-662,  Electronics, 
120  W.  42nd  St..  New  Torlc  It.  N.  Y. 


RADIO  ENGINEER-TECHNICIAN  ten  years 
experience  first  class  phone  license  desires 
connection  with  company  that  can  offer  per¬ 
manent  position.  Address  care  PW-St4.  Elec¬ 
tronics.  tlO  W.  42nd  St..  Now  York  18.  N.  Y. 


FOR  SALE 


FOR  SALE — 1941  Radiotone  16  Recorders, 
Audax  H-4  cutters,  magnetic  pickupa  ortha- 
constic  filters.  Laurence  Burgess,  1243  Living¬ 
ston,  Columbua  Ohio. 


TECHNICAL  ROOK  OR  MAGAZINE 
WANTED 

Small  but  established  and  reliable  firm  wishes  to 
purchase  a  foins  book  (or  possibly  a  periodical) 
in  radio  or  similar  field.  Olre  complete  details  la- 
eluding  prlee  in  first  letter;  aU  replies  wiU  be 
held  strictly  confidential. 

W-661,  ELECTRONICS. 

68  Pont  St.,  San  Francisco  4,  Calif. 


WANTED:  “811”  tubes  wanted — New  or  Ueed 
— Must  be  in  good  condition.  WPFR,  Police 
Radio,  Birmingham,  Alabama. 


WANTED  250-watt  second  band  broadcast 
transmitter.  W-5SS,  Electronica  880  W. 
42nd  St..  New  York  IS,  N.  Y. 


1  Hortiq  18  inch  wax  ihorgr  com- 
plgto  with  llOV  (Lc.  motor  and 
■haring  kniros.  1250 

1  RCA  modol  AZ-4217-2  vortical 

pickup  comploto  with  arm  S  50 

2  Audax  H5  typo  rocording  hoada 

ISO  oach 

1  Gotoa  27C  limiting  ompliiior  cora- 
plote  with  high  apood  VI  S200 

FS-S5S  Electronics 

520  No.  Michigan  Ave.,  (Chicago  11.  III. 


REBUILDERS  OF 
RADIO  TRARSMITTING  TUBES 

Let  Us  Help  You 
Solre  Your  Tube  Problems 

250  W  up 


41 1  laromo  St.  Now  Origans,  La. 


FOR  SALE 

ONE  WIRE  ENAMELINR  MACHINE 

18  Spindlo.  Comploto  with  Goa  Firad 
Oron  and  Racks. 

CBLLUSUEDE  PRODUCTS,  INC. 
RocMord,  IIHoob 


WANTED 

Capacitor  Anolyxer,  Jackaon  Model  650-A, 
Sprague  Telomike  Model  TO-2,  or  equivs- 
leut.  Submit  written  bid  directly  to 
Bureau  of  Purchaees,  State  Office  Build¬ 
ing  No.  I,  Sacramento,  California,  Cali¬ 
fornia  Highway  Patrol.  Radio  Communi¬ 
cations  Bureau. 


REST  QUALITY.  USED 
ELECTRON  TUBE  MACHINERY 

Equipment  for  the  manufacture  of  all  Had*  ef 
electron  tubes,  radio  tubes,  incandescent  Uuya 
neon  tubes,  photo  electric  ceils.  X-ray  tobea,  <tc- 


WANTED 

Your  Surplus  Radio  Parts  and  Equipment 

SseeiOeatlos  ehasfet  may  eauM  aeeumulatlen  sf 
undaelrad  tsase-eosismisf  material.  Any  asantlty 
parehatsd  for  cash.  Mall  at  ysur  dMeriptive  list 
and  arkas  dmlrsd. 

W-6S9,  Electronica 

320  W.  42nd  St..  New  York  IS.  N.  Y. 
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